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FOREWORD

The Mid-America Vocational Curriculum Consortium (MAVCC) was organized for the
purpose of developing instructional material for the eleven member states. Priorities for
developing MAVCC material are determined annually based on the needs as identified by all
member states. One priority identified was basic ‘electronics. This publication is a part of a
project designed to provide the needed instructional material for basic electronics pfograms.

The_success of this publication.is.due,.in large part, to_the.capabilities.of the.personnel
who worked with.its development. The technical writérs have numerous years of industry as
well as teaching experience. Assisting them in their efforts.were representatives of each of
the member States who brought with them technical expertise and the experience related to
the classroom and to the trade. To assure that the materials would parallel the industry
environment and be accepted as a transportable basic teaching tool, organizations and
industry representatives were involved in the developmental phases of the,manual. Appre-
ciation is extended to them for their valuable contributions.

This publication is designed to assist teachers in improving instruction. As these publi-
cations are used, it is hoped that the student performance will improve and that students
will be better able to assume a role in their chosep occupation, basic electronics.

Instructional materials in this publication are written in terms of student performance
using measurable objectives. This is an innovative approach to teaching that accents and
augments the teaching/learning process. Criterion referenced evaluaticn instruments are
provided for Gniform measurement of student progress. In addition to evaluating recall
information, teachers are encouraged to evaluate the other areas including process and

-

product as indicated at the end 6f each instructional unit. -

It is- the sincere belief of the MAVCC personnel and .all those members who served
on the committee that this publication will allow the students to become better prepared.
and more effective members of the work force. - .

David Merriil,

Chairman ) .
p Boarq of Directors :
. ) Mid-America Vocational

- Curriculum Consortium

1

-«




‘ v . PREFACE

- 5 R .
For many years those responsible for teaching basic electronics have felt a need for

instructional materials to use in this area. A team of teachers, industry representatives, and

trade and industrial education staff members accepted this challenge and have produced

manuals which will meet the needs of many types of courses where students are expected to

become proficient in the area of electronics. The MAVCC Basic Electronics I/ publication is ‘

designed to include the basic information needed to be able to attain that proficiency.

As with al! efforts of this nature, feedback from the instructors.selected to use these
- curriculum materials will greatly. assist MAVCC in evaluating its effort and contribute .
significantly to plans for future material development.

Every effort has been made to make this publication.basic, readable and by all iieans,
usable. Three vital parts of instruction have been intentionally omitted from this pulica-- -
tion: motivation, personalization, and localization. These areas are left to the individual
instructors and the instructors should capitalize on them. Only then will this publication
really become a vital part of the teaching-learning process,

*

-

Ann Benson .
- ) Executive Director.
‘ ” Mid-America Vocational

s ‘Curriculum Consortium, Inc. .

’ ) * for the MAVCC Board of Ditectors:

- David Merrill, Chairman, South Dakota

Merle Rudebusch, Vice-Chairman, Nebraska
Jim Dasher,-Arkansas
Bill Barneg, Colorado
Ed Hankins, Kansas -
Amon Herd, Missouri - .

. David Poston, Louiviana
Bob Patton, Oklahoma
Fat Lindley, Texas

- Larry Barnhardt, Noith Dakota

Alan Morgan, New Mexico
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. . USE OF THIS PUBLICATION

Instructional Upits

y oo -

The Basic Electronics I/ curriculum includes 15 units. Each instructional unit includes
some or .all of the basic components of a unit of instruction: performance objectlves
suggested activities for teachers and students, information sheets, assignmeqt sheets, visual
aids, tests, and answers to the test. ‘Units are p'anned for moré than one lesson or class
period of instruction. N

Careful study of each instructional unit by the teacher will help to determine:

A.  The-amount of material thatcan be covered in each class period
B. The skills which must be (gemonstrated
_ 1. Supplies needed ) .

- ». 2. Equipmeént needed

3. Amount of practice needed

4.,  Amount of class time needed for demonstrations:
C. Supplementary materials such as pamphlets or filmstrips that must be ordered

* D. Resource people who must be contacted

»

.

Objectives . E .

Each unit of instruction is based on perfomiance objectives. These objectives state the

gﬁwals of the course, thus providing a sense of direction and accomplishment for the student:,

Performance objectives are stated in_two. forms: —unit objectives, steting the subject

matter-to bé covered in a unit of instruction; and specific objectlves statlng the student per-
formance necessary to reach the. unlt objective. _ e

~

Since the objectlves of the unit provide. direction for the teaching-learning process, it
is important for the teacher and students to have a common understanding of the intent of
the objectives. A limited number of performance terms have been used in the objectives for
this curriculum to agsist in promoting the. effectiveness of the communication among all
individuals. using the materials. .- . .

o

Following s a list of performance terms and their synonyms which may have been used
in this materialt

Name _dentify ) Describe - —-
Label ) Select Define
List in writing Mark’ Discuss in writing-
List orally Point out Discuss orally -
Letter Pick out Interpret
Record Choose  «~ Tell how
Repeat Locate Tell what 1
Give . * Explain
LY .

| . xi9




- Teachers shou
the students and

answer any questigns concerning performance requirements for each instructional unit.

¥

Suggested Activities for the-Instructor:

Each unit of .instruction- has a suggested activities sheet outlining steps to follow in

-

Order Distinguish Construct ) ‘
' Arrange Discriminate Draw ) ’ v
. * Sequence . Make .. e
List in Qrder - . Build ,
) Classify " ' Design
Divide - . Formulate - . .
Isolate - , Reproduce
Sort . - Transcribe
Reduce - s
" Increase
! Figure
Demonstrate Additicnal Terms Used ) - .
Show your work Evaluate, Prepare o
Show procedure Complete Make . .
Perform an experiment Aralyze Read )
. Perform the steps Calculate - Tell
. Operate Estimate " Teach .. ¥ .o ¢
. Remove- Plan v Converse
Replace Observe -Lead .
Turn offlon Compare State
(Dis) assemble Determine Write
* _(Dis) connect_ .. Perform ' ) ‘
- X .
s Reading of the objectives by the student should be followed by a class discussion to

feel free to add objectives which will fit the material to the needs of
mmunity. When teachers add objectives, they should remember to
supply the needed iffformation, assignment and/or job sheets, and criterion tests.

. -]
/V‘ o

- accomplishing specific objectives. Duties’of instructors will vary according to the particular,

" unit; however, for best use of the material they should include the following: provide
students with objective sheei;, information sheet, assignmen' sheets, and job sheets; preview
filmstrips, make transparencies, and arrange for resource materials and people d|scuss unit
and specific objectives and information sheet; give test. Teachers are-encouraged to-use any
additional instructional activities and teachmg methods to a|d students in accomplishing the
objectivés. -

Information Sheets . ..

1Y

Information sheets provide conteni-essential for meeting the cognitive {knowledge) ob-
jectives in the unit. The teacher will find that the information sheets, serve as an excellent
guide for presenting the backgeund knowledge necessary to develop the skill specified In

the unit object:ve ¥ !
. +

St'udents should read the information sheets before the information is discussed in
class. Students may ta¥e additional notes on the information sheets.

[

xii




* *
N

-
H

_Transparency Masters (I K

.

Transparency masters provide information in a special way. The students may see as
well as hear the material being presented, thus reinforcing the.learning process. Tiansparen-
cies may present new information or they may reinforce information presented in the in-
formation sheets. They-areparticularly effective when ide,ntificatiop is necessary.

Transparencies should be_made ‘and placed in the notebook where they will be imme-

" diately available for use. Transparencies direct the class's attention to the topic of discus-

sion. They should be left*on the screen only when topics shown are under discussion.
) . ’ B

Job Sheets o s,

-

. Tt

Job sheets are an important segment of each unit. The instructor should be able to
and in most situations should demB®nstrate the skills outlined in the job sheets.” Procedures
outlined in the job sheets give direction to the skill Being taught and allow both student-anti
teacher to check student progress toward the accomplishment of the skill. Job sheets
provide a ready outlme for students to follow if they have missed a demonstration. Job
sheets also furnish potential employers with a picture of the skills being taught and.the
performances which might reasonably be expected from a person who has had this training.

-

Assignment Sheets . & .

_ Assignment sheets give diregtion to study and furnish practice for paper and pencil
activities to develop the-knowledges which are necessary prerequisites to skill development.
These may be given to the student for completion in class.or used for homework assign-
ments. Answer sheets are provided which may be used by the student and/or teacher for

checking student progress. .

Test and Evaluation . ~

~
<

Paper-pencil and performance tests have been_constructed to measure student achieve-
ment of each objective listed in the unit of instruction. Individual test items may be pulled
out and used as a short test to determine stude%achievement of a particular objective. This
kind or testing may be used-as a daily quiz and will help the teacher spot difficulties being
encountered by students in their efforts to accomplish the unit objective. Test items for ob-
jectives added by the teacher should be constructed and added t_o'the test. '

' .

. Test Answers ' .
L 65t ANSWErS . s

h) -

. Test answers are provided for each unit. These may be used by the teacher and/or
student for checking student achievement of the objectives.

-




0B TRAINING: What the
Worker Should Be Able to Do
(Psychomotor)
?

BASIC ELECTRONICS 1| S
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RELATED INFORMATION: What .

the Worker Should Know
(Cognitive) "

e ' . UNIT I: REVIEW OF THE NATURE
. * " o OF MATTER AND THE P-N JUNCTION

=

o

Draw schematic symbols

™

“w &

’

1.

Perform static test on semi-conductor

) 10.
; diodes
: 11. Plot characteristic curves
%
. o0 . UNIT Il: RECTIFIERS
) 1.
' ’ L 2.
. 3.
> 4,
. 5.
A 6.
< ‘ 7. Cclculate average DC voltage

8. Draw current flow in a specified rectifier

Terms

Components of an atomic model
N

nTypes of bondin'g

Semiconductor crystal structures

Majority and minority.carriersl

Cc;mponénts of a P-N junction

.. P-N junction polarity

P-N junction characteristic curves «

Terms
Input and-output waveforms

=
Formulas for average and DC
output voltage

Conventional full-wave rectifiers
and full-wave bridge rectifiers *

Formulas for average ahd peak GC
output voltage .

DC output voltage of a multiplier
circuit .

. . _ INSTRUCTIONAL/TASK ANALYSIS A -

-
-




- JOB TRAINING: What the c\RELATED INFORMATION: What
Worker Should Be Able to Do ‘ the Worker-Should Know
(Psychomotor) X . (Cognitive)
9. Constructand test a half-wave rectifier
s . circuit ‘
A 10, Construct and testa fuil-wave bridge: .
L .. rectifier circuit .
; i Y “Construcr andtest a voltage doubler
. circuit
UNIT I1I: FILTERS
. ', 1. Terms
v . ’ 2. Purposes of filters
- \ L 3. Voltage waveshapes
" . - 4, 'Basicfilter types
" ) . 5 Basi(; filter configurations
;,: | /a . ) = 6. Ripple factor
. . 7 Calculateixlpple factor and percgnt
7. . regulation
g ,8 . Construct and test a capacitor filter circuit
9. Constructand test a Pi-section filter circuit
C ( ‘ ' UNIT'IV: SPECIAL SEMICONDUCTORcDIODES
E ' ’ ¥ . 1. Terms
’ g ‘» 2._ Schematic symbols
. 3. Components of a zener diode
R 4. Applications of zener diodes
5. Components of tunnel diodes
. 6. Applications of tunnel diodes
Z 7. Biasvoltage and barrier capacntance
in varactor diodes
. ’ ) ) 8. Applic‘ations of varactor diodes
q; 9. In;tantaneous forward current in

T ) light-emitting diodes

10. Applications of light-emitting
diodes”
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JOB TRAINING: What the
Worker Should Be Able to Do
* (Psychomotor) :

7. Label a transistor circuit

8. Test transistors

(4

8. Compute stage gain in decibels

9. Construct and test:a common-emitter circuit

10. Construct and test a common-base circuit

11. Construct and test a common-collector
circuit )

12. Plot a transistor output characteristic curve

xvii

-1,
2.

1.
2.

RELATED INFORMATION: What
the Workgr:ShouId Know -
(Cognitive)

UNIT-V: TRANSISTORS

Terms

Basics of PNP and NPN transistors
Major uses of transistors

Voltage drop for germanuim and

" silicon transistors

Biasing arrangements for PNP and
NPN transistors

Typical types of transistors

UNIT VI: BIPOLAR-JUNCTION
TRANSISTOR CIRCUITS

Terms
Basic types of transistor circuits

Circuit current gain

Gain characteristics

Signal voltage phase reversal
Applications of transistor circuits

Impedances for basic transistor
circuits




~JOB TRAINING: What the
Workers Should Be Able to Do

12,

13,
14,

15,

©® ® N o o

10.

{Psychomotor)

RELATED INFORMATION: What

the Worker Shouid Know
. ﬂ?%gnitive)
'UNIT VII: TRANSISTOR AMPLIFIERS

1.

2.
3.
. .
5.
6.
7.

Terms

Voltage divider bias circuit
Leakage_current

Classes of amplifiers

Class B push-pull ampl‘ifiers
Darlington-pair circuits i

Common-emitter Class A amplifier
circuits

8. Types of ceupling

9. Stage gains in overall amplifier gain

10.

Test a single-ended amplifier

Test a push-pull amplifier . - .
Test a two stage amplifier

Test a Darlington-pair amplifier

—

Load-line

Multistage-amplifier circuits

UNIT VIII: OPERATIONAL AMPLIFIERS

1.
2.
. 3.

-

Terms
Categories of integrated circuits

?
Characteristics of invertinaand
noninverting operaticnal amplifiers

DC summing inverting and
differential amplifiers

Calculate closed-loop gain .

Calculate output voltage -

Construct and test an inverting amplifier

- Construct and test a noninverting amplifier

.Construct and test a DC summing inverting
amplifier ’

Construct and test a differential amplifier

xviii
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JOB TRAINING: What the
Worker Should Be Able to Do
{Psychomotor)

)
UNIT IX

Construct and test an IC "AND" gate circuit

Construct and test an.IC "OR" gate-cifcuit

Construct and test an IC "NAND" gate circuit

N @ oo oa

Construct and test an IC "Exclusive-OR"
gate.circuit

8. Construct and test a diode "AND" gate
circuit

Construct and test a diode-transistor “NOR"
gate circuit

5. Convert decimals to BCD
6. Add binary numbers

7. Construct and test a four-bit shift register

RELATED INFORMATION: What
the Worker Should Know
(Cognitive)

Terms -

2. Schematic symbols

2
3.
4

1.

Truth tables

~ UNIT X:LOGIC SYSTEMS
1.

Terms
Binary numbers

Truth table for half-adder

. Multivibrators

UNIT XI: SPECIAL SEMICONDUCTOR DEVICES

Terms

SCR characteristic curves

N oo s w e

Triacs
Diac applications
Thermistor types

UJT characteristic curves

JFET characteristic curves
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JOB TRAINING: What the
Worker Should Be Able to Do

(Psychomotor)

-

10.
11,

12.

13.

RELATED INFORMATIGN: What
the Worker Should Know
(Cognitive)

Types of MOFETSs -

Types of IG::ETS

Construct and test silicon-
controlled rectifier circuits

Corstruct and test a unijunction
tra.sistor relaxation oscillator

Construct and test a field-effect
transistor amplifier

Construct and test a thermistor-
control circuit

+ UNIT XI1: OSCILLATORS

3

3. Construct and test a Hartley oscillator

s

2

Terms

. Oscillator schematic diagrams

" UNIT XIlI: TRANSMITTERS

7. Calculate wavelength and antenna length

UNIT XIV: RECIEVERS
1.

&

=

-—

2
3
4,
"5

. «Terms

. CW transmitter stages

. AM broadcast transmitter stages
FM broadcast transmitter stages

Television transmitting system  »
stages

Characteristics of antennas

Terms
AM receiver stages
FM receiver stages

Frequency ranges

FCC responsibilities .
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JOB TRAINING: What the - ) RELATED INFORMATION: What
Worker Should Be Able to Do the Worker*Should Know
{(Psychomotor) : (Cognitive)
6. RF amplifier stages
- 7. Output frequenci‘es '
N 8. IF amplifier stages

9. Limiter stage

’ 10. FM detection.circuits

L4

11. Locate and identify the major stages of l\\

AM/EM receivers \
" UNIT XV: ELECTRON TUBES ’
1. Terms
MR ’ . 2, Schematic symbols \\ :

3. Pin numbers

4. Vacuum tube characteristic curves

2

5. Cohstruct and test a vacuum tube diode
circuit )




REVIEW OF THE NATURE OF MATTER
AND THE P-N JUNCTION
UNIT |

UNIT OBJECTIVE . s

>

After completion of this unit the student should ‘be able to match terms and definitions
assoclated with matter and the P-N junction,.describe the forward and reverse characteristics
of a P-N junction diode, constryct and test a semiconductor diode circuit and plot the diode
characteristic curves. This knowledge will be evidenced by correctly performing the pro-
cedures outlined in the job sheet and by scoring 85 percent on the unit test.

-

; SPECIFIC OBJECTIVES

v

After completion of this unit, the student should be able to: o

1. Match terms related to the nature of matter dnd the P-N junction with their
correct definitions.

2. Label the nucleus, protons, neutrons, electrons, and the valence shell of an atomic
model. . v

- -

3. Match types-of bonding with-their materials.
4. ldentify semiconductor crystal structures.

5. State the majority and minority carriers and their electrical polarity in N-type and
P-type semiconductors.

6. Complete a list of four methods and techniques used to manufacture a P-N
junction. : .

7. Sketch a_P-N junction and label the P material, the N material, the depletion
. region, and the barrier potential showing voltage ranges for the silicon and ger-
manium diodes. : ’

8. Label the proper pblarity for a reverse-biased P-N junction and a forward-biased
< P-Njunction.

9. Draw the schematic symbol for a diode, label the cathode, the anode and show
the electrical'polarity of each terminal to forward bias the device.

10. ldentify, from the P-N junction diode characteristic curves, the forward:-bias
region, the reverse-bias region, the majority carriers, and the minority carriers.

v 11. Demonstrate the ability to: : ’ S

a. Perform a static test on sémiconductor diodes.

b. Test a semiconductor diode and plot the characteristic curves.
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REVIEW OF THE NATURE OF MATTER
AND. TH EUFF\-,II\ITJIUNCTIQN

SUGGESTED ACTIVITIES .

I.  Provide student with objective sheet. . .
. Provide student with information and job sheéts.
I, Make-transparencies. -
IV.  Discuss unit and specific objectives. . ‘
v, Discuss information sheets.
VI. Demonstrate and discuss the procedures outlined in the job sheets.

VI Give test.

“~-___ INSTRUCTIONAL MATERIALS _ Sy

l. Included in this unit: Tl 2
- A. Objective sheet T L
8. Information sheet r - T
C. Transparency masters s 4
1.. TM 1--Atomic Model
2. TM 2-Semiconductor Crystal Structures
. 3. TM 3-P-N Junction L
4. T™ 4--Forwé(d and Reverse Bias
5. TM 5-P-N Junction Diode Characteristic Curves
D. Job sheets ” ' /‘

1. Job Sheet #1--Perform a Static Test of Semiconductor Diodes

2. Job Sheet #2-Test a Semiconductor Diode and Plot the Characteristic
Curves ‘

F. Test

~ ]

G. Answers to test

[I.  Reference~Grob, Bernard. Basic Electronics. Third Edition. New York: McGraw- )
Hill, 1971. ‘
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REVIEW OF THE NAT'JRE OF MATTER
AND THE P-N JUNCTION :
UNIT I . .

INFORMATION SHEET

Terms and definitions

A.

Atom--The smallest particle of an element containing eIectréns, protons, and
neutroms”

Nucleus~The core of the atom which contains two major particles, pro-
tons and neutrons

‘Proton--An .elementary atomic particle within the nucleus with a posi-
tive electrical charge

Electron--An -elementary atomic particle in orbit around the nucleus with a
negatiiie electrical charge .

Neutrcn--An elementary atomic particle within the nucleus with no-electrical
charge

~

Shell-One of the orbital or energy levels of the electrons about the nucleus

Valence number--The number of electrons in the outermost orbital shell
(valence shell) of an atom- ’

Covalent bonding--Two or more atoms sharing electrons in their outer
shell to form-a stable molecule .

Iritrinsic material--A pure crystal of a material

-

Extrinsic material--An intrinsic material to which an impurity has been
added .

Insulator--A material with very few or no free electrons in the valence shell

(NOTE: This normally includes Valence Groups | to-I1l.)

Conductor--A material that has 1 or.2 electrons in the valance shell that are
not tightly bound to the nuclei ’ .
LY * .

(NOTE: This normally includes Valence Groups Il to VIIL.) .

4———————"?_—(_“-‘—_— -
Semiconductor--A material in.which the valence shell-is-partially filled with
electrons which can be.removed, when some form of energy is applied to the
material .

'

(NOTE: This no \Klly‘includes Valence Group IV.) .

adding impurities to a(n\intrinsic material

Doping--The process 0 \




< ¢ A @

W.

Q.

‘Holes-The gbsence of electrons in a covalent bond

INFORMATION SHEET
P-N junction-The region where N-type and P-type semiconductor material
join together B
Bias--External electric potential (voltage) applied to a P-N junction

Diode--A two-terminal vevice consisting of a P-N junction which allows
majority carriers to flow in one direction

Bonding--The holding together of atoms to form a molecule

Majority *carriers-Electrons in N-type material and holesin P-type material

Minority. carriers-Electrons in P-type material and holes in N-type mateFial
N o

»

Peak inverse- voltage (PIV or PRV)--The maximum reverse-bias voltage
which can be applied to a P-N junction without damage to the junction

Depletion region--The junction area that has no free cHarges .

Atomic model (Transparency 1)

A

B
C.
D
E

Nucleus

Proton- )
Neutron
Electron

Valence shell

Types of bonding and their materials

A

B.

C..

lonic--Gases

Covalent-Insulators and semiconductors

A

Metallic--Conductors

Semiconductor crystal structures (Transparency.2)

A

B.

Intrinsic--Pure semiconductor crystal

Extrinsic--N-type Semiconductor crystal

.

1. Impurity

.

2. Free electron




I
INFORMATION SHEET
’ ‘C. Extrinsic--P-type semiconductor crystal’/ A
1. Impurity . . .
2. Hole s
V.- Majority and minority carriers and their electrical polarity
A. \ N-type . .
' ; .~‘ 1. Majority carriers-Electrons, negative charge
2. Minor'ity carriers--Holes;,positive charge
B. ?—type_ _—-
1. Majority carriers-Holes, positive c;large
2. Miﬁority carriers--Electrons, negative charge
VI.  P-N.junction n{anufacturing methods and techniaues
A. Molten method or grown-junction techpique .
B. Epitaxial-grc;wth method )
C.” Diffusion method
D. Alloy method
VII. Depletion or barrier region of a P-N junction and the barrier potential (Trans-
parency 3). ,
A. Silicon diode barrier potential = 0.6 to 0.7 volts
B. Germéniumvdiode barrier.potential = 0.2 to 0.3 volts
VIIl.  P-N junction bias (Transparency 4) - ‘
A. Reverse bias--Positive battery terminal connected to N-type mateyial
B. _Fcl’rward bias--Positive battery terminal connected to the P-type rﬁ'ﬁter—
ia
IX. Diode schematic symbols ‘('l'ransparency 5)

A. Anode 4 P-section °

B. Cathode - N-secton
C. ‘Symbol- —¥}—

(NOTE: The arrow points to the N-type material.)

23
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- ' INFORMATION SHEET

X. -~P-N junction diode char,acteristi; curves ?{raﬁsparencyﬁ)
- A. Forward-bias region

B. Reverse-bias region

C. Majority carriers X
) A D. Minority-carriers
E. Breakdown . ’
(NOTE ; Breakdown occurs when PIV is exceeded.)
[}
’ -
e §
2 \‘\ |

L
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Semiconductor Crystal Structures

Free Electron

. Impurity

" Pure Slllcon Crystal - N-TypeS“ilicon( P-Type Germaniurm

~ Intrinsic - Crystal - Crystal
- Extrinsic Extrmsuc
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PN Junction

— BARRIER POTENTIAL . -

 SILICON 0.6 TO 0.7 VOLT
/0 GERMANIUM 02 TO 03 VOLT
) —————- +H—=| ++++++
N —— +|—| +++ |
—f-==—=N- +|— 'p_+++++*———.
‘ ______ + - ++++++
o e ———— +|— ++++++

: L——DEPLETIUN REGION

PN JUNCTION
Showing Barrier Potential

And
Depletion Region

T™3
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- Forward and Reverse Bias

. N P

- +
=z +

== ¥ P

'_‘:::; +|- -|.+ —

- <+
_= L b T+
- T4

Reverse Current High Resistance

;

+ —
S
{

Reverse Bi‘aséd PI-N Junction’ |

e - - I S—
—— ,+ — "f'- + +
-_ _t |- + _ "|" +
pr— a—  a pr— +

Forward Current Low Resistance
— 4+
1l
| F—

' — —
Forward Biased P-N Junction

(Note— Barrier potential increases and depletion

region widens.as reverse bias is increased.)

29
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P!V

- Reverse Bias Heglo‘n

Voltage
Breakdown
) 50
5

‘Minority
Carriers

(ma),CU(rent_.

PN Junction Diode Characteristic Curves

+

| _—Majority
| Carriers.

Voltage

""_Currc-:jnt(},(a):

Forward ,Biaszeg jion™

Anode + N] Cathode -

/]

Schematic Symbol |

w
.
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REVIEW OF. THE NATURE OF MATTER

- 'BE I1-19

&0y

_T T T T ANDTHEP-NJUNCTION .
UNIT | ‘ ’

* JoB SHEET #1--PERFORM A STATIC TEST OF
* SEMICONDUCTOR DIODES

Tools and equipment

-

A 2 multir,ﬁetersf' :
B. " 3 different types of diodes from your instructor

Procedure

A. Determine the polarity of your ohmmeter leads by connecting them to a

voltmeter

B. Mark.the polarity of the ohmmeter leads ’ -

C. Connect the positive lead of the ohmmeter to the anode of the diode and the :
negative lead of the ohmmeter to the cathode of the diode.

D. Readand recorg the ohmmeter reading in the data table

(NOTE: The ohmmeter should be on a R x 100 scale to avoid possible
damage to the diode.) ,

E. -Reverse the ohmmeter connection to the diode, read and record the ohm-
»  meter reading , ;

F. Determine from the ohmmetér reading whether the diode is good or bad

(NOTE: A good diode will have a low ohmic reading in the forward-biased
direction and a high ohmic reading when reversed biased.)

»

G. Repeat the above procedure for each of your diodes

A3

DATA TABLE | - STATIC TEST

DIODE FORWARD REVERSE GOOD OR
RESISTANCE | RESISTANCE BAD

Dy, ) |

_D2 _ . - - M

Dy -

Dy
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REVIEW-OF THE-NATURE-O F-MATTER e
. AND THEUI?\-,I‘I\ITJIUNCTION ’ . :

~

JOB SHEET #2-TEST A SEMICONDUCTOR DIODE
AND PLOT THE CHARACTERISTIC CURVES

Tools and equipment X .

A. Variable DC power-st{pply (0-30 volts)

B. 1-220 ohm, 5 Watt resistor

C. 1-silicon diode {1N914 or equivalent) optional germanium diode
D. 2-multimeters ’

E. Graph ’paper . -

Procedure ‘

A., Connect the following cnrcunt for a reverse-biased diode but do not apply

power
ANOTE: Connect the multimeters as voltmeters and _observe the proper
polarity.) .
K “A :
} .
+ ,
e la e
Variable R

DC Power Supply

B. Apply power . -

C. Read and record Vp (voltage across the diode) and Vg (voltage across the
resistor) when the power supply is set at 0, 1, 2, 3, 4,@, 10, 15, 20, and 25
volts

(NOTE: The peak inverse voltage ratmg of the diode must be equal to
or greater than 25 volts.)

D. Turnthe power supply off
E. Reverse the diode connection in the circuit so it will be forward biased

F. Read and record Vpand Vg for power supply settings of 0, 0.1, 0.2, 0. 3,
* 0.4,05,06,607 08,09, 1024vo|ts

33




o T JOB SHEET #2 - . A .

G. Compute the current flowing in the circuit for each reading takeén in steps B
and E ) ’ |

H. Draw agraph of the diode.forward and reverse characteristic curve

(NOTE: The horizontal axis should be VD and the vertical axis should
be 14.) )
D

. Check your calculations and your graph with your instructor

%




Supply

<

JOB SHEET #2

DATA TABLES

TABLE |- REVERSE BIAS

OV 1V 2 3V '4V 5V 10v 15V 20y, 25y,
TABLE il - FORWARD BIAS
0.9 '1V .2v .SV .4v_ Sy .6v .7v .8V ng 1.0v 2.0V 4.0v
N\
N | 3
. m
o T
. v 8
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REVIEW OF HE NATURE OF MATTER
AND THE P-N JUNCTION
UNIT | .
* NAME
TEST
Match the terms on theright with their correct definitions.
1. Atom .
.a. Two or more atoms sharing electrons in
‘their outer shell to form a stable molecule 2. Nucleus
The smallest particle of an element containing 3. Proton
electrons, protons, and.neutrons
: 4. Electroh
The number of electrons in the outermost
orbital shell of an atom 5. Neutron
The core of the atom which contains two 6. Shell ’
major particles;;protons and n?usrons 2. Valence number
One of the orbital or energy levels of the. .
electrons about the nucleus 8. Covalent bonding
An elementary atomic particle within *he 9. Insulator
nucleus with a positive electrical charge. : . .
10. Intrinsic material
An elemé?'ltaljy atomic partlcle' within the - . . .
nucleus with no electrical charge’ 11. Extrinsic material
An elementary atomic particle in orbit  12. Diode
around the nucleus with a negative elec- 3. Bias - .
trical charge 13. Bias :
An intrinsic material: to which an impur-' 14. P-N junction ~
ltY has been added 15. Doping .
A two-terminal device consisting of a P-N
junction which allows majority carriers to 16. Conductor
flow in one dlrectlon 17. Semiconductor
External "-electric potential applied to a : )
P-N junctlon 18. Bonding
The region where N-type and P-type semi- 19. Majority carriers
nd ial join toget - -\,
conductor material join together 20. Minority ca>r|ers
. The process of adding impurities to an in- c
trinsic-material—-. - - o 21. tho!es —
A material in which the valence shell is' 22- Depletion region
b
partially filled with electrons which can be 23 Peak inverse voltage

removed when some form.of energy is applied
to the matenal

3/
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- 26 a
. \;
- 0. A material that has 1 or 2 electrons in ‘the ’ .
R valence shell that are not tightly bound to S
the nuclei - ;oo . .
p. A,material with very few or no free electrons . - -
3 A _—— N ¢ »
. in the valence shell
/] ;2 . * i . . »
a. A pure crystal of a material & '
L ,
: X r. The .absence of electrons in‘a covalent bond ¢
s. *\Electrons in P-type materlai and- hoIes i . . )
. N-type materlal C b .
. t. The -holding together of atoms to form a \

. molecule
. .
u. Electrons in N-type material and ‘holes in °
P-type material ~

v. The maximum reverse-bias 'voltage which
can be applied to a P-N junction without
damiage to the junction

’

w. The junction area that has no free charges

’
) >
2., Label the nucleus, protons, neutrons, electrons, and the valence shell of the atomic
fmodel given below. - o -
p ) -~
" »
"
. r
¥ . o
t
‘ ~ -
Ll " -‘ "’
A
' { . :
t ;.
a c. - ] ] .
M b d ) ! ’




-

‘ 3. Match types of bending on the right with the materials to which they 'ap;SIy., R \ |
8 a. Conductors : . i} 1. Covalent .
2 " 9 LIRS - . ,
: 1] " H * . \ X
?' Gases - » 2. lonic . :

c. Insulators and semiconductors ‘ 3. Metallic -

- B ' J ' .
. 4. Identify an intrinsic silicon crystal, an extrinsic N-type silicon cristal, and an extrinsic .
‘P-type germanium crystal. . . N . v
: . o X . .1 )
) : ‘ . Free Electron '

]
T [ T TR [T ?
. . . e
. .' 4
. a.. . b. s : c.
. ~ " N . )
» - % . . . . L., .
-5. State the majority and minority carriers and their\electrical polarity in N-type and
P-type semiconductars. ’ v ) .
] - o - 1] .
. - - - A 4
N-typé ‘
* , a - Majority carriers are - : , .
- [ v ~
\ b. Minority carriers are ) -
B ~ Ptype ) T ) =
’ a.  Majority carriers are -
‘ ' b.  Minority carriers are - Co
> ' ¥ A R ; . “. \;,
. - ¢ . - A J - .-
[ [T, i,
, .

'f ‘ 3 9 e : ,
| ) . . . .‘;
| > ~




8 o

/ ’ 2
‘8. Complete a list of four 'E\éthods af'Id'techniq.ues;used’ to manufacture a P-N junction.
a Molten method or growg—juhction technique . . .
) ’b. Expitaxial-growth method '
.o ' € : 7 ] . ) . e
. d c : ' ’ oo -

7. Sketch a P-N junction and label the P material, the N material, the depletio}i‘ region,
and the barrier potential showing voltage ranges for the silicon and germaniurh diodes.

| ERIC

L A riext provided by R
N
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" BEIl-29

rse-biased P-N junction and the forward-baised

P-N junction in the following illustrations.

X

-

o

B
l Reverse Current High Resistance
o l ' N
I ’
Reverse Biased-P-N Junction
o «
6 -
»
\/ ‘ ) . »,‘ ~ . T 7
g "] Forward Current . Low Resistance’
~ - -

. [
; Forward Biased P-N Junction

9. Draw the schematic symbol for a diode, label the ‘cathode, the anode and show -the
electrical polarity to forward bias the device. ' -

AY

X

Fe
F"A




10. Identify, from the following P-N junction diode characteristic curves, the forward-bias
region, the reverse-bias region, the majority carriers; and the minority carriers.

5

¥

a. Perform a static check of semiconductor diodes.

H+
et .:'t’
C
o 3 -
PV 3 —
”~ : -’(a )
1 é ’
—b. 5 Voitage
Voltage ' = c.—
‘ ' d - |27 ‘
E ]
£
3
' Breakdown T’
a{. . - . C.
b. - d.-
- 11. ‘Demonstrate the ability to: ’ .

b. Test a semiconductor diode and plot the characteristic curves.

(NOTE: If these activities-have not'been accomplished prior to test, ask your

instructor when they-should be completed.)

el
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. a
b.

UNIT |
ANSWERS TO TEST
8 i, N g 10
.1 . 12 r. 21
7 k. 13 s. 20
2 . 14 t. 18
6 m. 15 - w19
3 n. 17 v. 23
5 o. 16 w. 22
4 p. 9
Valence shell °
© Neutron-.
Electron
Proton
'Nycleus
a. 3
b. 2
c. 1
Intrinsic silicon crystal
Extrinsic N-type silicon crystal
c. .Extrinsic P-type germanium crystal
N-type ‘
a. Electrons, negative charge
b. Holes, positive charge
P-type
a, Holes,‘positive charge -
b. Electrons,negative charge
Diffusion methéd

ae

REVIEW OF THE NATURE OF MATTER
- AND THE P-N JUNCTION

Alloy method

BE Il - 31




F

BARRIER POTENTIAL
SILICON 06 T0 07 VOLT
/0 GERMANIUM 02 T0 03 VOLT

+ - = -
—————— +—=| A+ +++++
——————— +|— 4+
——=-N- {+-| PHr++++—
—————— s |[+- + 4+
—————— 4= +4++++ 4+
-——DEPLETION REGION-
N - P »

o \ ¥

=z +

= - 1;_1

-= +|- Lot

== "’+

- - >+

= i I+

== +

l Reverse Current High Resistance
+

| —

—7r

Reverse Biased PlN Junction

|
_-+ S

_t + ++

Forward Current Low Resistance

— 4+
]

: d :
Forward Biased P-N Junction

44
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‘Anode+ [N] cathode - -

*

t
‘

'10. a.  Majority Carriers

¢ b. Reverse-bias region
¢. Forward-bias region
. d. Minority carriers -

11. Performance skills evaluated to the satisfaction of the instructor

Id

ERIC

PIA rui et provided by eric
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RECTIFIERS
UNIT I

UNIT OBJECTIVE

After completion of this unit, the student should be able to state the formula which relates
peak input voltage to average DC output voltage, identify conventional half-wave and
full-wave rectifier circuits, and construct and test a half-wave rectifier, a full-wave rectifier,

and a voltage multiplier circuit. This knowledge will be evidenced by correctly performing,

the procedures-outlined in the assignment and job sheets and by scoring 85 percent on the
unit test. -

>

-

SPECIFIC OBJECTIVES

1

After qompletion of this unit, the studept should be able to:

<

1. Match terms related to rectifiers with.their correct definitions.

2. Sketch the input and output waveforms for a basic half-wave rectifier circuit.

3. State the formulas for the average and peak DC output vdltagg of a half-wave

> rectifier.

4. Identify a conventional full-wave rectifier and a full-wave bridge rectifier.

5. Select true statements concerning the advantages of a full-wave over a half-wave
rectifier. '

6. State the formulas for the average and peak DC output voltage of a full-wave
rectifier.

7. Determine the DC output voltage of a multiplier-circuit.
8. Calculate average DC voltage for half-wave rectifier ang full-wave rectifier circuits.

9. Indicate the direction of current flow in a full-wave brigge rectifier and a conven-
tional full-wave rectifier.

10. Demonstrate the ability to:
a. Construct and test a half-wave rectifier circuit.

b. Construct and test a full-wave bridge rectifier circuit.

c. Construct-and test a voltage doubler circuit.

4



VII.

‘Provide student with objective sheet.

. Give test. 3
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RECTIFIERS
UNIT I

SUGGESTED ACTIVITIES

Provide student with information, assignment, and job sheets. , .
Make transparencies.
Diszuss unit and specific objectives.

Discuiss information and assignment sheets.

. - . Demonstrate and discuss the procedures outlined in the job sheets. BN

INSTRUCTIONAL MATERIALS

Included in this unit:
A. Objective sheet . ' .
B. Information sheet '
C. Transparency master§
1. TM 1-Half-Wave Rectifier Circuits
2. TM 2--Conventional Full-Wave Rectifier
3. TM3-Bridge Rectifier
4. TM 4--Voltage Doubler Circuit
D. Assignment sheets

1. Assignment Sheet #1--Calculate Average DC Voltage for Half-Wave
and Full-Wave Rectifier Circuits

&

2. Assignment Sheet #2--Indicate the Direction of Current Flow in a
Full-Wave Bridge Rectifier and a Conventional Full-Wave Rectifier

E. Answer to assignment sheets -

F. Job sheets

1. Job Sheet #1--Construct and Test a Half-Wave Rectifier Circuit-

-2. Job Sheet #2--Construct and Test a Full-Wave Bridge Recti’ier Circuit

%

«k




3. Job Sheet #3--Construct and Test a Voltage Doubler Circuit

G. Test

H. Answers to test

Reference-Grob, Bernard. Basic Electronics. Third Edition. New York: McGraw-
Hill Book Company, 1971. :

1o~
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RECTIFIERS
UNIT II

- ) INFORMATION SHEET

. Terms and definitions

A. Rectifier circuit--A circuit that converts AC voltages to pulsating DC voltages

B. Half-wave rectifier--A circuit that converts AC.voltage to pulsating DC
voltage and allows DC current to flow only through the load during one-half
. of each AC input cycle . _ ' '

v C. Full-wave rectifier-A circuit that converts AC voltage to pulsating DC"
voltage and allows current to flow in the same direction through the load for
both halves of the input AC voltage cycle

D. Transforr.er-A device which is used to either step up- (increase) or step
s down (decrease) the' AC voltage in a rectifier circuit

E. Bridge rectifier--A type of rectifier circuit that requires four diodes in order
to make a full-wave rectifier

‘ ) F. Voltage doubler--A rectifier circuit that is used to increase (double) the DC
‘ output voltage without using a'step up transformer

. Input and output waveforms for a basic half-wave rectifier circuit (Trans-
parency 1) . .

A. Inputvoltage- -t ‘ ) B ) .
O - .

. ' B. Output voltage-- .
\ + OR 9

Ini. Formulas for the average and peak DC output voltagé of a half-wave rectifier

A. Vdc=.318 Vpk
B. Vpk=1414Vrms
< V. Full-wave rectifiérs (Transparencies 2 and 3) ‘ - o
. . ‘ A. Conventional ‘

B. Full-wave bridge , ' - -




INFORMATION SHEET ‘ .; ‘,

Advantages of a full-;/vave over a half-wave rectifier
A. More efﬁcient -

B. . Less ripple effect

C. Wider variety of applications

Formulas for the average and peak DC output‘voltage of a full-wave rectifier

A, Vdc=-636 Vpeak

B. Vpk=i414Vems - - o

A. Determine the voltage input ETlranSparency 4) R
B. Multiply the peak-input voltage times the number of rectifiers

Steps in determining the DC voltage of a multiplier circuit o
Example: Y . ‘

120 VRMms \\
\
AC Input A

|
|
Load Resistor

120V AC Input X 2 (rectifiers) = 240V DC output

~_(NOTE: This is an example of a voltage doubler used.ira.specialized-multi- e
plier circuit.) ' - IR AR ’ 41

50
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o Half-Wave Rectifier Circluiits

\

— 7‘1‘ S i ¢ &

-/ r— - —— —e -

. Load Resistor +

—:nput VYoltage .- _ - |Output Voltage—
. \\\ *r— J \ —9 ’

@

‘ Q . ' ’ ’ ™1 - |




. ~
.
‘1
-

(Note:If diodes D1 and D2 were
reversed, the output voltage
would be reversed.)

93
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‘ T ¢
o

+f(yv\

’ Y ‘ - )
LI R OUTPUT
' - \

: —e
(Note : If each of the diodes were
reversed the output would be
reversed.) '

Sy - 11 38
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® | Voltage Doubler Circuit

0Q0Q00Q
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' ' ‘ RECTIFIERS
° UNIT Il S

ASSIGNMENT SHEET #1--CALCULATE AVERAGE DC VOLTAGE FOR
HALF:WAVE RECTIFIER AND FULL-WAVE RECTIFIER CIRCUITS

1. Calculate the average DC voltage for-the following circuit.

/
. VL
?OVRMS RLSVL - /\
. vk —
_l_ Time
Vdc =
“ ‘2. Calculate the average-DC voltage for the following circuit.

-

| ‘ I VL
1 400Vaus, - RL \[L

Vdec =

A

Time

3. Calculate the transformer's secondary rms-voltage.

| ' X VRus '
\ ’ 54vdc )
- . . :

". . \ " Vims=

|




/

ASSIGNMENT SHEET #1

4. Calculate the average DC voltage for the following circuit.
DC *
QOutput.
R
. | Z
D2 | C
Vdc = , ‘
:: | g
/ L
\ 4y ~
i
P
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BE-I I—;:51

ASSIGNMENT SHEET #Z—INDICATE THE DIRECTION OF CURRENT

FLOW IN-A.FULL-WAVE-BRIDGE RECTIFIER-AND A

CONVENTIONAL FULL WAVE RECTIFIER

1. Trace and label the paths.of the.current flow through the ‘bridge rectifier circuit and
the load for one complete mput cycle and-label the voltage polarity at points. A and B

2. Trace and label the paths of the current flow through a conventional full-wave rectifier

circuit for one complete input cycle.

59
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RECTIFiERS
UNITII

ANSWERS TO ASSIGNMENT SHEETS.

Assignment Sheet #1
1. VL(peak) =1.414 Vrms
VL(peak) =1{1.414)(30) = 42.4V
Vdc = (0.318) (42.4) = 13.5V
2. Vi (peak) = (1:414) (400) =565V
Vdc = (0.318)(565) = 180V

3.V = 54 = 170
L{peak _54
(peak) . 0318
Vyins = 170 = 120V
T414
4. Vpeak = 1414x120 = 170V
Vde = (0.636) (170) = 108V
Assignment Sheet #2
1.
1 g
AN :
; |
\UJ- \
2 bt # DC

First half-cycle

Output : -




T TR TR e oer T o T T ST e T memmmmem e
1 A
~ |
%
'
54 .
. ) .
.
»
-
- ‘
\
. ‘ - -~
. . s
B
v
' .
- -~
-
.
\
!
.
)
i
|
.
\
y
\
i 4
.
e
2,
°
9
P —
- .

[+ 103 : ‘
j Qutput :
—_— .
——

. First half-cycle
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[
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. ’ . Second half-cycle
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JOB SHEET #1--CONSTRUCT AND TEST A HALF-WAVE
RECTIFIER-CIRCUIT

Tools and equipment

A. Low power filament traﬁsformer (120V Primary)

B. Silicon diode, 1NS.J14‘or;equivaIent

C.  2.6800 Ohm, 1/2 Watt resistors ‘

D.’ Multimeter ¢ ‘

E. Oscill'oscope ‘ . ' -
F. Graph paper

Procedure

(CAUTION: "Dangerous voltage levels are present during this procedure. Check
with your instructor regarding safety procedures.)

A

Connect the, multimeter (set for AC) to secondary of the filament trans-

former .

Plug the filament transformer into the @e voltage and measure the second-
ary voltage at points A and B *

Turn off the power

r

‘Connect the following circuit to the secondary of the filament transformer

ol J

1

AC
Line

: o--o ’
3 . A ’ H
Sec. Voltage . 6800 S\
. 8 _

Filament l— - @
Transformer L




JOB SHEET #1 &

—— - . §

Turn the power on .
] 1 4

Measure the voltage between points A and B and record this below as the AC

input voltage ~

Measure and record the DC output voltage with the multimeter

Observe .and make a scale drawing below of the AC input voltage (A to
B) and the DC output voltage (C to B)

Calculate the average DC output voltage and compare it to the measured
DC output voltage |

* v - . .
Check your calculations and your drawing with your instructor

DATA:
Measured voltage Ato B ~ Vims - g
,Measure;i voltageB to C __ " Vims

Calculated output voltage Ve
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UNIT Il b
\ .
R . \
JOB SHEET #2--CONSTRUCT AND TEST A A . <
FULL-WAVE BRIDGE RECTIFIER CIRCUIT ~
. L
Tools and equipment ' : . \\
A. Auto transformer (0-130V) ‘
B. Power trans_for‘mer (110-220V CT) - <
_(NOTE: You may use a low power filament transformer. See Job Sheet\‘\#1 J
C. Foursilicon diodes IN914 or equivalent "
D. 1-10k, 1W resistor \\
E. Multimeter . . \\
F. Oscilloscope . o -_i\\_mim.._..‘
G. Graph paﬁer . - \
. i \

Procedure ~

(CAUTION: Dangefbus voltage levels are present during this procedure. Avoid .
~ shock hazards.) . . .-

A. Construct the circuit shown below but do not connect power at this time _
- f

Auto Transformer

Power
Transformer

Have your instructor check your circuit

B.
C. Connect the multimeter across the secondary of the power transformer
D. Connect the auto transformer to the AC line and adjust for a reading of 10V

on the rpultimeter
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o A JOBSHEET #2 . . : ‘ i
E. Readand record the DC \;oltage across the, 10K load resistor - \\
: F. Connect an oscilloscope across the filament transformer secondary and \
observe and sketch.the waveform e :

G. Connect an oscilloscope across the 10K load resistor and observe and sketch
the waveform :

H. Calculate the average DC output voltage and compare with the measured
" DC output voltage 7

I.. . Check your calculations and your sketch with your instructor

>
A

DATA: ' .

__________ Measured voltage A to B \" : <t
- e e S e - rms .
-Measured voltage B to C i Vdc

Calculated output voltage _ V4, , ! ‘
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RECTIFIERS _
‘ UNIT I ‘
JOB SHEET #3.CONSTRUCT AND TEST A VOLTAGE DOUBLER CIRCUIT |

< 1. Toolsand equipment -
Low power filament transformer (120V Primary) .

2.silicon diodes, 1N914 or equivalent

A
B
C. 2-20 uF capacitors, 450v
D. Multimeter

E

"Oscilloscope
(1, Procedure

(CAUTION: Dangerous voltage Ievels are present durmg this procedure AVOId
shock hazards.) ,

»

A.  Connect the following circuit but do not connect the filament transformer
to'the AC line. - . . .

. ~

AN

7
AC Line

Auto Transformer Filament
Transformer

* —) w—

*

¢

B. Have your mstructor check your wiring, then plug in the fllament trans- .

former s
C. Measure and record the voltage across C1, Coy, the output, and the secondary >
wihding of the filament transformer x

*r
D. Using an oscilloscope, obgerve and measure the input and output voltages
of the rectifier circuit and sketch the waveforms .

E. Check your findings with your instructor

L S




[

DATA: B L] N h - s ’

VC1\= .,

V02= N - N * }
- .

- »

Vsecoridary = — .

f o mmw - mmmmemmm—— e oo —— M
R [ .

ERIC

Aruitoxt provided by Eic:

.
-

n
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e . T o - RECTIFIERS
. L e ' UNIT II
“_ R R ’
RO e T \ * NAME
o N . ’ TEST
"L e . 1. Match the terms on the right with théir correct definitions. ) o
. ) v ' “ h " ‘ N aps_ -‘ . 3 . - epe
e e e a. A type -of rectifier circuit that requires four 1. Rectifier
S r : diodes in order to make-a full-wave regtifier circuit
‘“'“: T P b, A circuit that converts AC voltages to pulsat- 2. Half-wave
e e ingDC voltages - . rectifier
P L -3 ) .‘ . . . ' . i -
LD ’ ... ¢ A rectifiér circuit that is used to increase the 3. Full-wave
L R DC output -voltage without using a set-up rectifier
c s T transformer , )
o - N ’ 4. Transformer
IR B . d. Acircuit that converts AC voltage to pulsat-
o e _ing DC voltage and allows DC current to flow 5. Bridge rectifier
T . ) i . only_through the load during one-half of each
“ . T . ACinput cycle B ‘ . 6. Voltage doubler
S - " e. A device which- is used to either.step up ]
P N S———
o T ) ' ‘or step down the AC VOItage in a recti-
.. o LY frercrrcurt \ ,
LT L, o SAireuit that.converts AC voltage to pulsat- """
NN : e _ing. D'C véltage and allows-current ™6 flow in .
‘ L, e the same direction through the load for both
. T e halves of the input AC voltage cycle |
o T . ‘—:;':" V. - 4
ot 2 Sketch\the mpu& and output waveform symbols for the basnE: half.wave rectifier circuit
PR L hoyvn below. ,
e Al
2 —
\ . Output Voltage —
; \ .S
y " .
& - - A. ]
: >
LT . 68 oo




3. State the formula for‘thge average and peak DC output voltage of a half-wave re7 ifier. ‘
a : : / |

; L ’ | _ 1/

4. |dentify the conventional full-wave rectifier and the full-wave bridge rectifier in the

.. following illustrations. ’ ~
!
7
IAC Input D,ﬂ / + A
. _%_ !l R O _m
/ DC Output _
+ °j / / to Filter :
D—AVAC Line . : .
4\ ot — 3
- \ /} . ;
' _ AC Input .‘ﬁ. ]
{ D2

R
DC Output [Y) oy
To Filter R
~—9- e s

AC Input
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5. Select true statements concerning the advantages of a full-wave over a half-wave
rectifier by placing an "X" in the appropriate blanks.

a. Less efficient
b. Less ripple effect
_cn Wider variety of applications

B

6. State the formulas for the average and peak DC output voltage of a full-wave rec-
tifier. :

a.

b.

7. Determine the DC ouput voltage of the multiplier circuit given below.

L 1 .
o1 0y ©2==p3  pa CAT=DS

- 140 Volts . : +
AC Peak ' T » » » » 7 DC Output

Input
, L c1== 3= " c5=—= < Loid

Vout=

. 2 . .
8. Calculate average DC voltage for half-wave rectifier and full-wave rectifier circuits. __

9: “Indicate the direction of current flow.in-a full-wave bridge rectifier and a conventional
full-wave rectifier. : ' o ’

10. Demonstrate the ability to:
a. Construct'and test a half-wave rectifier circuit.
b.  Construct and test a.full-wave bridge rectifier circuit.
c. Construct and test a voltage doubler circuit.

(NOTE: If these activities have not been accomplished prior to the test, ask yo\ur
instructor when they should be completed.)

ray

()
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RECTIFIERS
UNIT 11

ANSWERS TO.TEST

+
o

— Input Voltage Output Voltage

o - —e

Vdc =.318 Vpk
Vpk = 1.414 Vrms

Conventional full-wave rectifier ~ _
Full-wave bridge-rectifier

. b,c

. a Vdc=.636 Vpeak
b. Vpk=1.414 Vrms

V out = (140)(5) = 700
Evaluated to the satisfaction of the instructor
Evaluated to the satisfaction of the instructor

Performance skills evaluated to the satisfaction of the instructor




FILTERS

UNIT Il —

UNIT OBJECTIVES

BE Il -67

After completion of this unit, the student should be able to identify the three most
common filter configurations and calculate the ripple factor of a filtered power supply. This
knowledge will be evidenced by correctly performing the procedures outlined:in the assign-

ment and job sheets and by scoring 85 percent on the unit test.
'SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to filters with their correct definitions.

2. Select a statement describing the purpose of filters.

3. Sketch the voltage waveshapes at the output of the transformer, rectifier, and

filter for a half-wave power supply.
4, Distinguish between the basicfilter types.
5. ‘ldentify the three basic filter configurations.
6. State the function of and the formuI;:Lfor ripple factor. »
*7. Calculate ripple factors and perc;ent regulation.
8. Demonstrate the abilit'y to: .
« a. Construct and test a cgpacitor filter circuit.

. ‘
b. -Construct an& test a Pi-section filter circuit.

g

s
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FILTERS
UNIT HI-

SUGGESTED ACTIVITIES

I Provide student with objective sheet.
1. Provide student with information, assignment, and job sheets.

I, Make transparency.

-

v. Discuss unit and’specific objectives.
V. Discuss information and assignment sheets. .
VI. Demonstrate and discuss the procedures outiine,d in the job sheets’.
VII. Give test. | ' '

INSTRUCTIONAL MATERIALS

-

. Included in this unit:
A. Ogjgctive sheet
B. Information sheet
C. Trz;nsparency Master 1--Basic Filter Configurations
D. Assignment Sheet’ #1--Ca|cu|£te Ripple Factors and Percent Regulation
E. " Answers to assighment sheet - - |
F. Job sheets .
1. Job S'heeit #1--Construct and Testa Capac;tor Filter Circuit
,2. Job Sheet #2--Construct and Test a Pi-Section Filter Circuit

G. Test

“H. Answers to test

1. Reference--Grob, Bernard. Basic Electronics. Third Edition. New York: McGraw-
Hill Book Company, 1971. s

73

*
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BEIl-71
FILTERS
g . UNITIH
INFORMATION SHEET

I Terms and-definitions
A. Ripple--V.ariapions in the DC voltage

B. Filter--A device used to eliminate or minimize ripple

. C. Bleeder res_is'tor«A resistor placed in parallel with a capacitor 4n order to
provide a discharge path for the capacitor when the power supply is turned

off .

D. Power supply voltage regulation--The ability of-a power supply to maintain a
constant output voltage under varying loads

-E. Percent regulation--Comparison of the no-load voltage to the full-load *
voltage expressed as a percentage of the full-load voltage

(NOTE: % Reg = Vout no.load - VOUt full-load X 100)
Vout fy||-load |

. e
F. DC power-supply-A basic electronic system generally consisting of a trans-
former, a rectifier, and a filter to convert AC voltage to DC voltage

. Purpose of filters—-Filters help to provide a smooth, nonfluctuating DC output
voltage from a rectifier circuit

[1l. ~ Output waveshapes for a half-wave power supply

!

’ A. Transformer output-- ¥\ m
a | INRVEY,
B. Rectifier output-- \ ﬂ [

I

P
Vi ! *|

Lo

C. Filter output--

14

(NOTE: See Transparer{cy 1 for location of output Waveshapes A, Bj, and C.)
v, Basic filter types
A Capacitor filter
1. Simplest filter

2. Most economical

- 3. Used where load, does not require an extremei? smooth DC voltage :
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N : INFORMATION SHEET

B. Pi-section filter

1. Requires two capacitors and an inductor

o
ER———

(NOTE: The inductor is sometimes replaced by a resistor.) E .
2.. Used when a smooth voltage with relatively low current is required
3. Also called capacitance-input filter
C. L-séctipn filter
1. Used for high current applications

A}

V. Basic filter‘confjgyrations (Transparency 1)
T A. Capacitor filter \
B. Pi-section filter
C. Two L-section filter (choke input)
\ VI, Function of and the formula for ripple factor

A. Expresses the effectiveness of filtering

v B. r=rms vélue of ripple output
’ ’ DC output voltage

(%)

73

2. Requires an inductor or "choke" in series with a capacitor .
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Basic Filter Configur: dons

: a\eRS N |
A | B C
AC - 5 DC <O'V
INPUT T . OUTPUTL
Capacitor Filter (NOTE- Capacitor must be
: removed to observe rectifier
;.;RS B : output waveform.)
. / ——
A < 5oy 8 C
- - RB DC (O‘Vo
INPUT T T OUTPUT
. ¢ . ——
* PI-Section Filter
B * ¢
._N.,w i. r,_‘ ' -
A 4 C .
AC i . - DC :(O‘qo
INPUT T™ T OUTPUT

Two L-Section Filter .
% (NOTE- Rg in series with diode limits initial surge of current '
due to capacitor and is called a surge resistor.)

76
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. FILTERS -
-~ : UNIT I

ASSIGNMENT SHEET #1--CALCULATE RIPPLE FACTORS
AND PERGENT'REGULATION

- -

1. A power supply has. DC output voltage of 30 volts and a rlpple of 10 Vrms. The ripple
factor is ) Lt
, ,

2. A power supply has DC output voltage of 15 volts and a ripple of .050 volts rms. The
ripple factor is

3. Which one of the above power supplies has the most effective filtering and why?

2. Id

“‘5;,
4, A power supply has an output voltage a&no -load of 24VDC and an output voltage.of
22 VDC at full-load. The percent regulatfon is -




- FILTERS
UNIT 11
ANSWERS TO ASSIGNMENT SHEET #1
/ -
r=b33

2. r=0.0033

3. #2, smaller ripple.factor

4. 8.3%
£y *
-4
§
f .
d 4
\
o
78 ‘
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N o S FILTERS - & - .
- \. . , UNIT 11T . ’ -

/

¢ ’

JOB SHEET #1--CONSTRUCT AND TEST A CAPACITOR FILTER CIRCUIT <N

S

., Tools ana equipment

—rm T -7 ‘ A. Low power filament t;ansformer (120V primary)
B. 4-silicon diod‘es 1.N9-14 or equivalent -

c. 1-oK, 1/.;’2 watt r@si‘s.ton,. 1-1K; 1/2 watt resistor, 2-20°uf capacitor, 25

. WV . or greater ?

. +D.  Multimetec ‘ S P

. “\ E. “Oscilloscope |

F. Graph paper :

" Procedure

' (CAUTION: Dangerous voltage Ieve_ls are present during tﬁj§_£rocgdure. Avoid

‘ . - ‘ shock hazards.) ¢

A. - Construct the circuit shown, below but do not connect power at this time
- ~ [
IR o * (NOTE: Do not connect the capacitor at point A & B at this time.)
3 &
o ‘ h
) AC Line . §
1 . C R
0 Filament S L] 10K
‘ /
. ! Transformer 2Quf
. i
B. Have your instructor check your circuit p—
. C. Connect the multimeter across the secondary of the filament transformer
‘ and record the voltage *
‘ . N D. Read and record the DC voltage across the load resistor

2

i
Ty

Q ‘ ; . _ | 79




JOB SHEET #1

-
’

.

Connect an oscilloscope across the load resistor, observe and sketch the wave
form '

Turn off the power
Connect the 20 uf capacitor at points A and B- . -
Turn the power on .

Repeat steps:D through F

Replace the 10K load resistor with the 1K load resistor and repeat step'§ D

 through |

Compare-the wave shapes and DC voltage levels of the filter and a 10K load

resis}or with the filter and a 1K load resistor ] .

Usirig the output voltage measured with the 10K load resistor as no-load
voltage and the output voltage measured with the 1K resistor as full-load,
compute percent voltage regulation on the table below

£

DATA VseC. V10K A V1 K % Reg
No filter . " . ‘
With filter '
o . N *

Check your calculations and sketches with your instructor e
i e N




: | . RILTERS
.7 PO UNIT (1]
JOB SHEET #2-CONSTRUCT AND TEST A PI-SECTION FILTER CIRCYIT

- s - - -~
- ~

. Toolsand equipment . - - =

’ A. - Low power til'ament tr,avmsforme[‘(120V p;in;rary) R

B. 4-si|icon,qiodés 1 N914 or-equivalent - .

’ C. 1-10K, 1—/2"\)y§tt fesistor \ . i
D. 1-1K',1/2 watt resistor . BN . e
E. 72-20 uf c}a;&‘)—ac':‘itO(;ZSW\/ﬂac; pr greater
F. Multimeter .~ o o »

. G. Oscilloscopé. :_:"

H. Graph paper , N ~ ‘ : ;1'
| 1270chmresistor | 7

= "““x‘ - -
~‘ I Procedure oLt T T T

this time.)

A. Connect the circuit shown below but do not apply power at this time _

(NOTE: Do not connect the Pi-section filter network at point A and B.at

Filament M "Gy - 1C2
Transformer . - | 20uf "20

- BN

B. Have your instructor check your circuit

-~

‘ . C. Connect the multimeter across the secondar * of the filament transformer




1 . ~‘ - A ‘1 i,—Aj‘*‘*:i‘QB'gHEEAT#Z‘ . ' . ~, ) ‘ ’ .‘ y

-

g R ; ~o
> D, . Raad‘ and-record the DC voltage: across the load resistor ' L
s M , - > M 3 )

Ny E Connect an osc:l!cscope across ‘the !oad resistor, observe and sketch the wave

T form '_,J ¥ y A R o .

F Tum ;)ff “the. power s i e T
G " Conn;zct z’hg*?t'semmn at pomt'sAamf( B ﬁfi' IR | R -
. ~. ‘ 4 3 . P
\ (K. T,:m onfth&pcwe? [ T L ; W
Ug Rapeatszepsothroughf—‘\, . s e
. P - : R N T e

. o Repiace the 1GK, load resnston with a 1K load resistor and repsat steps } E
o n i)!hmugh‘ : ;, . R B | ';‘ 2 "( PO - ) e

. [C yoe -
. . .
v . & ¢ N E . .

K »Compare the wave,_ shapes and DC voltage levels, of. the. Pt-sect:on filer =~ :
and -the 10K load resismr with the. Pz-sect:on filter and. the 1K resistor . . ¢ 2

- A
"T-‘ e f\_ ) ¢ - R

M. Usmg the output vc!tage mpasured with me 10K lcad r'e‘ssstor as nos 1oad
vo!:age and the.output voltage nieasured with the 1K resistor as- “full- load, )
compu*e percen* vol:age reguiaiaonan xhe table below G W .

- 3 I . .
P v / . PR " -
S = N ’ . - N , P ..
. 1 ’
- — * N w ~ 4 P - .
. ¥ r‘ ) B T - g v T -
. = - . . I M - A - .
- . « 3 -

RN e I 1 S . ’Vﬂ( 1% Reg. . e T
’ - (‘,' . - L4 - - - * ' ‘,‘ " ' e : >i
) ) m&f};tﬁr ; i T L '{t < ’ - - N LS T, .“"’ - ) E RS
Slwentaier |- 0 e - s T L
C. e ; Some . 4 - d fh. 7 T
R T S w-r R
RO et B S D PP
» Vi ' . L » -3
a\i Check your calculanoqsesnd yaur skuzcheaw;th ynur mswczor , ) L
',' . N TEPIEEN o ' . . s - .« s e T

- . 3 - .
- — = FZEE T . : . N R "
: e diad </ - « s N . o7




\ BE Il -83

| ' FILTERS. - -
. UNIT 111 | .

NAMF ‘ \
TEST ; T

1. ,Match the terms on the right with their correct defirt"itions. |

v . y N v
Y

A baSIC electronic system generally consxst- 1. F‘ilter
tmg [ ransferrner, a rectifier, and a Tllter v
to,conv t AC voltage to )6 voltage ( 2. Percent regulation
. [
) b. Variations in the DC voltage . / 3. Rlpple o
. : /
c ; 5 T4, DC dower supply

Comparison of the no-load voltage t;o the
full-load voltage expressed as a percent-
v age of the.full-load voltage ‘,

|
> ‘ . 6.. Powerisupply voltage
d.. A device used to eliminate or mmzmlze ’ regulanjon

r . ripple : 3

s

5. BIeeder resistor

e. The ‘ability -of a power supply to main- -
NI tain a constant output voltage under‘f varying ‘
loads

v

Ps

f. A resistor placed in parallel with a capacitor !
in order to provide a discharge path for the .
capacit’or when the power supply Zs:turned off

i
l

2. Select the statement Wthh descnbes the purpoge of a filter by placing an "X" in the
appropnate blank. |
Lo ~ t
1

Cah To‘convert AC voltage.to DC voltage

. b, Td provide automatic voltage regulation for a power supply

c. Help to provide a smooth nonfluctuatmg DC output voltage froma rectifier -
gircuit - - -
A >

|
|
|

| ., d. To stepup the DC power supply output vo!tage o X o
3 Sketch the voltage waveshape., at the output-of the transformer rectifier, and filter for ‘
the half-wave power.supply lllust{ategbelow g ‘ .

" /




a. Transformer output--

b. Rectifier output--

< ig

c¢. Filter output--

-

4

A 4, Distinguish -between the basic filter types by placing a "C" next to descriptions of
capacitor filters, a "P" next to descriptions of Pi-section filters, and an-"L" next to

descriptions of-L-section filters, .

»

Requires-fwo capacitors and.an inductor
Used for high current applications

Most economical ’

. Also called capaé'fiance-input filter '

Used when a smooth voltage with relatively low current is required

Simplest filter

Used where load does not require an extremely smooth DC voltage

. Requires an inductor or "choke" in series with a capacitor

84 o
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P’ »
5. ldentify the three basic filter configurations shown below.

AC : AL _ DC
INPUT | T OUTPUT.
& o

- AC 4 ;u— DC
. INPUT T T OUTPUT
—-—— S— \?
b - Filter |
Re. __ C
'J\N\’NTWU —e
AC . DC
INPUT T T OUTPUT
*— P

F

& Filter - "

0
W
o
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6. State the function of and the-formula for ripple factor. '

* %
a.

b * ’ )
;

7. Calculate ripple factors and percent regulation, : ¢

8. Demonstrate the ability to:

a. Construct and test a‘cap'acitor filter.circuit. i .
. ~. - .
b.  Constryct and test a Pi-section filter circuit. ! . v
(NOTE: If these activities have not been accomplished prior to the test, K your
instructor when they should be completed.) ,
b Y




w4

, a.  Transformer output--

o @

oo

FILTERS
UNIT {1
ANSWERS TO TEST
. a 4 d. 1
b. 3 e. 6
c 2 - f. b

«
1 »

BV

D

b. Rectifier output-

c.  Filter output--

Sy CP
-
N

’
»

P d" P g C
L e. P h L
¢. C f. C
Capacitor filter
Two L-section filter >

c. Pi-section filter

. a. Expresses the effectiveness of filtering

b. r=rmsvalue of rippie output
. DC output voltage

. Evaluated to the satisfaction of the instructor

. Performance skills evaluated-to the satisfaction of the instructor

BE I1 -87 .
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'SPECIAL SEMICONDUCTOR DIODES:
‘ UNITIV .

UNIT OBJECTIVE

. ’
¥ .
After completion of this unit, the sn}dent should be able to list applications of special
semiconductor diodes, construct the volt-amp characteristic curves for a zener diode, and
construct and test a zener diode voltage regulator. This knowledge will be evidenced by
correctly performing the procedures outlined in the job sheets and by scoring 85 percent on

the unit test.

4 N
N

SPECIFIC OBJECTIVES

1 -
After completion of this unit, the student should be able to: ¥ :

1. M~tch terms related to special semiconductor diodes with their correct defini-

tions. -

=3

2. Select the schematic symbol for a zener diode.

X

3. Identify the operating point, the zener voltage, the forward-bias region, the zener
current, and the reverse-bias region of a-zener diode.

-

4. List the alternate names for zener diodes.
5. Select applications of zener diodes.
6. Select the schematic symbol for a tunnel diode.

¥ * ¥
7. Identify the negative resistance region, peak point, valley point, and the forward
point of a tunnel diode. . ‘

a

8. Seléct applications of tunnel diodes.

9. Select the schematic symbol for a varactor diode.

10. Complete statements concerning bias voltage and barrier capacitance in varactor
diodes. ,

11. List alternate names for varactor diodes.

12. Select applications of varactor.diodes.

13. Select the schématic symbul for a light-emitting diode.

s

14. Complete statemenfs concerning instantaneous-forward current versus light
output in light-emitting diodes.

15. / Select applications of light-emitting diodes.




»

{

T T 3

L
16. Select the schematic symbol for a ppoto diode.,

17 Complete statements concerning light-input intensit, versus current in photo

diodes.

~

18. List three applications of the photo diode.

]

19. Demonstrate the ability to:

a.  Construct a volt/ampere characteristic curve for a zener diode.

b. " Construct and test a zener diode voltage regulator.
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SPECIAL SEMICONDUCTOR DIODES .
UNIT IV »
) - SUGGESTED ACTIVITIES
‘I. Provide student with objective sheet. :

. Provide student with information and-job sheets.

1. Make transparencies. Yoo
V. Discuss unit and specific objectives.
" V.  Discuss information sheet.
VL. Demonstrate and discuss the procedures outlined in the job sh‘eets. v

VI Show various types of transistors.

VI Give test. )

-

INSTRUCTIONAL MATERIALS

l Include in this unit:
A. Objective sheet
B. Information sheet

C. Transparency masters * - s

1. TM 1--Zener Dipde Characteristics and Schematic Symbo!

! 2. TM 2--Tunnel Diode Characteristics and Schematic Symbol
‘ D. Job sheets - '
) 1. Job Sheet #1--Construct a Volt/Ampere Charac‘teristic Curve for a
Zener Diode i’
: 2. Job Sheet #‘2--Constru‘ct and Test a Zener Diode Voltage Regulator
E. Test

z

F.  Answers to test

* 4

II. " Reference-Grob, Bernard. Basic Electronics. New York: ‘McGraw-Hill Book
ComPany, 1971, - ‘

- -

B
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SPECIAL SEMICONDUCTOR DIODES
UNIT IV

3

INFORMATION SHEET

«

Terms and definitions

A. Zener diode--A silicon diode that is designed to operate at a specific revérse-
breakdown voltage

B. Tunnel diode--A diode that has a negative resistance characteristic and can be
used as amplifiers, an oscillator, and an extremely fast switching device

C. Varactor diode-"A diode which serves as a voltage-sensitive capacitor

D. Light-emitting diode (LED)--A diode specially doped to emit light when
forward biased :

E. Photo diode--A* diode made from photo-sensitive material/ the device's
. resistance decreases with increased light - . ] .

-

F. Hot-carrier diode--A special diode which uses a metal-to-semiconductor .
junction and is used for high-frequency rectification -

Zener diode's schematic symbol '(Transparency - .

. ' o —0

Zener diode's volt/ampere characteristic curve (Transparency 1)'
A. Operating point

B. Zenervoltage

C. Zenercurrent

D. Forward-bias region

E. " Reverse-bias region
Alternate hames for zener diodes
A. * Reference diode

- x
B. Breakdown diode

Zener diode applications
A. Voltage regulator

B. Reference element




VIL

VI

XI.

xf.

. - -+
B. Oscillators . \

INFORMATION SHEET - - . ‘

Schematic symbol for.a tunnel diode (Transparency 2)-- .

O O .

Tunnel diode's volt/ampere characteristic curve (Transparency.2)

A. Negative resistance region

B. izakpoint

C. Valley point ' ) ,
D. Forward point S ‘7 ‘ .
Applications of tunnel diodes

A. Amplifiers K -

C. Switches

D. -Multivibratgrs ] . . ‘

e

Schematic symbol for a varactor diode- .

\ O
- - i . - . ‘ ~ )
Bias voltage and barrier capacitance invaractof diodes s
A. The larger the reverse bias,the smalier the barrier capacitance ‘ :
B. The larger the foward bias, the larger the:barrier capacitance ’
Alternaté names for varactor diodes : » s 3
- 7 - @ ' = )
A. Varicaps o < *
B. Voltacaps 1 ! .
Applications of varactor diodes > C oy .
[ / - ~
A. Automatic frequency controls » . Lt

B. Variable RCand LC filters - o ! o




X1HI.

XIV.

* A

XV.

- .

b .

S .
-

" *B. - Logic-level indicators

XVIII. -

INFORMATION SHEET

Schematic symbol for a Iight-emitting diode (LED)--

o
/

M 2

2

s .

Instantaneous-forward current versus light output in light.emitting diodes
Light output increases with forward current

B. . Thereis no light output when LED is reverse biased

Application; of Iight-emitt'ing diodes

A. Electroluminescent displays

A -

’

Schematic sy)’nbol for a photo diode-- /

. _ ' , . :
Light-input inteﬁsity versus current in phptd diodes . . g .
A.  Anincrease in input-light intensity increases diode current /

B. Fora given' light-input intensity fhe diode current is approximately constant
for increased reverse-bias vxéltage )

"Applications of the phato diode

A. Light:detection systems

B. High speed card and tape readers : T o

*. '
C. Production line counting of object/sv“zaich interrupt a-light beam

¥

A

DI A N

o
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Zener Diode Characteristics

and Schematic Symbol

Cgthode \E ; Anods
. . B . ;

Schematic Sﬂnbol

Zeh

er Voltagé

‘Operating Point
: /..

[ = 7
Reverse Bias

~ FORWARD
- CURRENT

<

'Regio'n

34

Izt’ '
~Zener

‘Forward Bias -
- Region-

A ":‘.’a‘i

FORWARD
2 / N

o
7

-~

qure;[/nf T

j C L TM
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.

‘ . : SPECIAL SEMICONDUCTOR DIODES ' .
‘ UNIT IV ‘

JOB SHEET #1--CONSTRUCT A VOLT/AMPERE
CHARACTERISTIC CURVE FOR A ZENER DIODE ‘

l Tools and equipment

>

Power supply (0-15V)
Voltmeter

Milliammeter

1-1K ohm resistor, 1/2 watt

1-N4739 zener diode or equivalent

m m o O w

Graph paper
1. Procedure .

A. Set.the power supply for O volts output

~ B: Connect the following circuit RN o™
Y -7 B

‘ o , (NOTE: The zener diode is forward biased:) wr T

“ _(wa) \\

THN
. o
o
< .
[ 4

C. Adjust.the power supply for 1 volt output

D. Read and record the voltage across the zener diode and the current flowing
through the zener diode . ) .

E. ‘Repeat steps C and D in one volt increments as specified” in data ‘table

F. Return the power supply tc zero volts, then ‘reverse the connections of
the zener diode

(NOTE: The zener is now reverse biased.) .

>

e

— 3¢




DATA:

JOB SHEET #1

Set the power supply for 1 volt

: ~
Read and record the voltage across the zenef diode and the current through*
the diode

Repeat step H while increasing the voltage in one volt steps to 15 Volts

Graph the-forward and reverse characterlstlcs {current versus voltage) for the
zener diode from the values,just measured

Check your calculations aqd your graph with your instructor

~ FORWARD BIAS REVERSE BIAS |
' VOLTAGE | CURRENT VOLTAGE | CURRENT
(VOLTS) (MA) | | (voLTs) (MA)
_ 0.1 1, . '

0.2 2 -
‘0.3 3 )

04 4
0.5 5 b
0.8 6
1.0 7 ~ )
2.0 8

- 4.0 9

6.0 ° 10
8.0 B I R I
10.0 12
12.0 , . 13 [
14,0 14
15.0 15

“t

~I
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A SPECIAL SEMICONDUCTOR DIODES »

’ , . UNIT IV 2

JOB SHEET #2--CONSTRUCT AND TEST A
ZENER DIODE VOLTAGE REGULATOR

I.  Tools and equicment

A. Power suoply (0-15V)

N,
’B. 2:DC voltrpetérs
C. 1-DC milliameter " ’
_ D. 1-1K ohm resistor, 1/2 watt '
~ __Ewr 1-10K ohm resistor, 1/2 watt
i | F. 1-1N4739 zener diode or equivalent
- G. Graph paper
1. Procédure : ’ ‘ . _ \

‘ ) A. Connect the circuit shown below
B. Adjust the power supply from zero t;': 15 volts in steps of 1 volt

C. For each value of power supply voltage read and record the voltage across
the 10K ohm load. resistor and circuit current

N\ ’
— Wy 1k

10k

. POWER SUPPLY C\D

D. Graph power suppf'y voltage versus load voltage for each data point

‘ . E. Check your calculations and your graph with your instructor




Match theterms on the right with their correct definitions.

.

SPECIAL SEMICONDUCTOR DIODES

UNIT IV

~

NAME

BE'll - 105

TEST

a. Asilicon diode that is designed,to operate at a

specific reverse-breakdown voltage

L4
b. A diode that has a negative resistance charac-

teristic and can be .used as amplifiers, an
oscillator, and an extremely fast switching
device

c. A diode which serves as a voltaé]e-sensi-

tive ¢apacjfor

d. ,A diode specially doped to emit Ijght when

forward biased

.e. A diode made from photoisensitive material;

f.
* semiconductor junction and is used for

Select the schematic symbol for a zener diode from the symbols given below by
circling the'letter next to it. '

the device's resistance decreases with in-
- creased light -

»
o

A special diode which uses a metal-to-

high-frequency rectification

1.

2
3
4,
5

' diode

Tunnel diode

.

Varactor diode

-

. Zene, diode

Photo diode

Light-emitting

Hot-carrier diode

-




v
[

— -

3. ldentify the operating point, the zener voltage, the forward-bias region, the zener
° current, and the reverse-bias region of a zener diode from the zener volt/ampere

characteristics given below.
FORWARD -
CURRENT

o . '
<
X &
»

3

——

_ FORWARD
VOLTAGE

4. List the alternate names for zener diodes. v ‘

-

a.

~

~

b. . ‘ Ty

5. Select the zener diode applications by placing an "X" in the appropriate blanks.

a. Vo}’jge regulator
b. Amglifier

B ]

c. Reference element

d. Switch .

.




%
*

Select the schematic symbol for a tunnel diode from the symbols given below by
circling the letter next to-it. '

Identify the negative resistance region, peak point, valley point, and the forward point
for a tunnel diode from the volt/ampere characteristics given below.

Ay a' “ * -
- A, d.
!l ’ 1
| | <
I I
|
! .
I | .
| oy I
- C. -
N | I I A
i ! L — N\
+ 1
I i
- * -
o
& E -
. h 3
~ *;h
\
Y
= -
a C.
b d
L

101
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:8. Select applications of tunnel diodes by placing an "X" ir{ the appropriate blanks.

* ° a. Logic-evel indicators [
- - & » g
__b. Amplifiers ’ N ' . .
c. Oscillators ° -

d. Voltage regulators

e. Switches

f.  Multivibrators

-

9. Select the schematic symbol for a varactor diode from the symbols given below by
circling the letter next to it. X

* 10. Complete statements concerning bias voltage and barrier capacitance in varactor
diodes by underlining the correct words in the sentences below.

‘a.  The (larger) (smaller) the reverse bias, the (smaller) (larger) the barrier capacitance

b. The ?Iarger) (smaller) the forward bias, the (larger) (smaller) the barrier capaci-
s tance '

2

11. List alternate names for varactor diodes.

)
a. .

" b.

12. Select applications of varactor diodes by placing an "X" in the appropriate blanks.

H
a. Switches .

b. Volt‘age—régulators

=

c. Automatic frequency controls

d. Variable.RC and LC filters )

- a

102
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13. Select the schematic symbol for a light-emitting diode from the symbols given below-
by circling the letter next to it. N

’ A . J‘)
, c. O— ﬂ% o d. o L%} —0

/
.

ro. - . :
14, Complete statements concerning instantaneous-forward current versus light output
in light-emitting diodes by underlining the correct words in the sentences below.

%

_a.  Light output (increases) (decreases) with forward current

b. There is no light output when LED is (forward) (reverse) biased

15. Select apgjlications of light-emitting diodes by placing an X" in the appropriate 3
blanks. . ) R

' . a. Electroluminescent displays

b. Muitivibrators

c. Logic-level indicators

d. Oscillators ' .

e. Voltage regulators

- 16. Select the schematic symbol for a photo diode from the symbols given below by
circling the letter next to-it.




L, » . * N
17. Complete statements concernir{g light-input intensity versus current-in photo diodes
. by underlining the correct words in the seritences below. . ‘ .
a. Anincrease in input-light intensity (increases) (decreases) diode current 1 -
,~' . _ b. For a given light-input intensity the dlode current is (approximately) (exactly) 3
> constant, for mcreased reverse-bias voltage , _ - -
_ 18. List three photo dlode applications.
= .. o . i 'S
a. )
. - L ]
b. . ) 7 ) .
~19. Demonstrate-the ability to: : ‘ -
/7 v o .
. a. Construct a volt/ampere characteristic ~urve for.a zener diode.

b, Construct and test a zener diode voltage regulator.

' . . (NOTE: If these activities have not been accomplished prlor to the test, ask your® ?
. instructor when they should be completed.) ?.1"\

-
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DA SPECIAL SEMICONDUCTOR DIODES Lot C
'.m . ' ’ UNIT IV . . .
g . ANSWERS TO TEST- oo .
[N e 3
.- 1. a., 3 d 5 .
b. 1 e. 4 . )
c. 2 f. 6 ! A ,
- . * X
° 2. ¢ ) \—‘f"‘\ -, ' . 1
> \\%a
3. . FORWARD o -
) CURRENT . . .
1 Forward Bias
t Region
}ener Voltage | /e
E ‘ . - N
c A ~
. ! FORWARD * P
, . . VOLTAGE -
""""""""" e
O?erating Point Zener Current s ’
' Reverse Bias Region
4. a. Reference diode
b. Breakdown diode
+ 6. ac¢C
6. d .
) 7. a. Peak point )
N ""b. Negative resistance region ¢
c. Valley point ) . ) N
d. Forward point - -
< l o
8. b,c,e,f :
9. d . . ‘ S ) .

- 10. a.  The larger the reverse bias, the smallet the barrier capacitance
b. The larger the-forward bias, the larger the barrier capacitance

' \
11. a.  Varicaps

' b. Voltacaps . .
[ R i . * Ao
- * o *

103 ~




- Light output increases with forward currerit
There is no light output when LED is reverse biased

' L]

’

An increase in |rput Ilght intensity increases'diode turrent :
For a glven light-input mtensntx th# diode current |s approxumately constant for
increased reverse- blas voltage
+Light-detection systems -
b. . High speed card and tape readers N
c.  Production line countlng of objects which lnterrupt a light beam

Performance skills evaluated to the satisfaction-of the instructor

- *

&
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" BIPOLAR-JUNCTION TRANSISTORS
b ' UNIT V

-

UNIT QBJECTIVE ]

¥
. N AN
After completlon of this unit, the student should be able to |dent|fy the standard symbols
and correct biasing arfangements for NPN and PNP transistors and draw and label the .

- tcurrent flow in NPN and PNP transistor circuits. The student should also be able to test

transistors. This knowledge will be evidenced by correctly performing the procedures
outlined’ on the assignment and job sheets and by scoring 85 percent on the unit test.
. 4 1
% -

SPECIFIC OBJECTIVES

N [y

After compietion of this unit, the student should be able-to: ¢

:

. 1. Match terms related to-bipolar-junction transistors with their correct definitions.

2. Match transnstor “terms withtheir standard abbrewatlons
3. Identify the basic elements in PNP and NPN transistor block diagrams and sche-
matics. - - N .

-

» a .

4. Select the major uses of transistors. .

,e

5. Stata the base to emitter forward voltage drop for germanium and snllcon tran-

SlStOrS 4
. s

6. Identify the correct biasing arrangements for PNP‘and NPN transistors.

®7. Draw the electron flow in NPN and PNP transistor circuits. <L

~

8. Distinguish between the typical types of transistors.

,\ 9. Label a-transistor circuit.
~ '10. Demonstrate the ability to test trahsistors.

.

LI
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‘4}‘-

‘ BIPOLAR JUNCTION TRANSISTORS :
UNITV' |

SUGGESTED ACTIVITIES

I Provide student with objective sheet.

1. Provide student with information, assignment, and job sheets.

1. Make transparencies.

» V. Discuss unit and sp?c;ific objectives. ,
V.  Discuss information and assignment sheets. -
VI, D)grrg,onstrate and discuss the prc;cedures outlined in the job sheet.
i 2.
VII. Show various types of transistors. -
VIIl.  Give test. ’
u

INSTRUCTIONAL MATERIALS

l Included in this unit: -
T . : A. Objective sheet
B.  Information sheet

C. Transparency masters

1. TM 1--Transistor Block Diagrams and Schematic Symbols
=3 T : 2. TM 2--Correctly Biased Transistors
3. T™ 3--Ejectron: Flow in NPN and PNP Transistor Circuits
4. TM4-Typical Transistor Types
D. ’Assignment sheet #1--Label a Transistor Circuit

E. Answers to assignment sheet

F. .Job slh eet #1--Test Transistors

G. Test

.‘ #H.  Answers to test ,

€
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1. References: ) . ; ‘
~ ° - .

A. Grobl Bernard. Basic Electronics. 4th€;E“d., New York: McGraw-Hill Book
’ Co., 1977. i

B. Marcus, Abraham and Samuel C. Gendler. Basic Electronics. Englewood
Cliffs, NJ: Prentice-Hall, Inc., 1971. )

C. Bgsic Electricity/E/ect‘ronicsf Vol. 5, "Motors & Generators-How They .
Work." Indianapolis, IN: Howard W. Sams & €o., Inc. —

D. Fundamentals of Electricity. Fort éill, OK: Cohmunication/EIectronics
Department, U.S. Army Field Artillery School.
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"C. Transistor:collector lead--C

. . BE Il - 117

BIPOLAR JUNCTION TRANSISTORS
UNIT V .

INFORMATION SHEET

Terms and definitions

A._ Bipolar junction transistor (BJT)--A three-terminal semiconductor current-
controlled device that is normally used as a control switch or as a signal or
power amplifier -

B. Emitter--The section-that supplies majority carriers

C. Collector--The section that collects.majority carriers

,D. Base--The secton used to control the flow of majority carriers (current) from .
emitter to collector

E. PNP transistor--One of the two major categories of bipolar transistors con-
sisting.of P-type material for the emitter, N-type material for the base, and
P-type material for the collector ' .

F. NPN transistor--One of the two major categories of bipolar transistors
consisting of N-type material for the emitter, P-type material for the base,
and N-type material for‘th_e collector -

G. Bias-The voltages required to make the semiconductor devices (such as
diodes and transistors) operate correctly

H. Bipolar-Two types of carriers, holes, and electrons flowing in- transistors

(NOTE: The emitter-base junction must be forward biased while the base-
-~ collector junction must be reverse biased.) :

Transistor terms and standard abbreviations
A. Transistor-base lead--B ) - -

B. Transistor-émitter lead--E

D. Base current--| B N . .

E. Emitter currentul'E

F. Collector current--IC




INFORMATION SHEET

74

Basic elements in transistor block diagrams and schematics (Transparency 1)

A. PNP transistors
1. Block diagram
a. Emitter
- b. Base ,
c. Collector
2. Schematic
’ a.. Emitter o
b. Base o
c. Collector
(NOTE: The emittér arrow is pointing toward the N-type material
and toward the base.) '
B. .NPN transistors

1. ‘Block diagram

a.
b.

C.

Emitter
Base

Collector

2. Schematic

a.
b.

. C

Iv.

A. Amplificat‘ion

B.

Switching

Emitter

Base

Collector

(NOTE: The emitter arrow is pointing toward the N-type material

and away from the base, which is P-type material.)

Major uses of transistors

1




VI.

VIL.

VILI.

BEIl-119

INFORMATION SHEET

.

Forward voltage drop for transistors

Aj -Germanium (Ge)--0.2 to 0.3 volts -

IS

B. Silicon (Si)-0.6 to 0.7 volts

~

~

Biasing arrangements for- PNP and NPN transistors (Transparency 2)

.
S

A. Emitter--Base-has forward bias
B. Base=-Collector has re{lerse bias

F

(NOTE: The difference in ti’le PNP and NPN biasing arrangements is that
polarity is reversed.) C

Electron flow-in NPN and PNP transistor circuits (T'r‘ansparency 3)

. ~
A. PNP--Electrons flow from emitter to collector through external circuit

" B. NPN--Electrons flow from collector to emitter through external circuit

* Typical transistor types (Transparency 4%

é

A. Small signal--Relatively small and handles small currents

B. Power--Relatively large and handles large currents

©

&
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Transistor Block Dgi‘ams
~and Schematics

-3

Emitter

s \

A \

. - . '\
r‘f P [N[ P |
. I Base | \\ .
Base (B)

. ] - Block Diagram ' Schematic
PNP Tansistor 3

Collector Emitter (E) Collector ?i)

{
4

'/_..—
Emitter Collector -
. — \ Emitter” (E) Collector (C)

—d NPl N D—

N : Base
Base (B)
Block Diagram : Schematic e
NPN Transistor
: ’ (NOTE: Inboth PNP and NPN transistors, the arrow on the emittér lead points
. ~ toward the N-type material.) :

©

ERIC

Aruitoxt provided by Eic:

13
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Correctly Blased Transnstors
: Common Base = Common Emitter \
—q P [N} P -
ElB| C -
L=l + 11
.Forward Bias Reverse Bias . i
. . ' Block Schematic
’ | PNP Transistor Bias
Common Base ~ Common Emitter

Y N|P|N M
E|B]C "
—|1] i1 15
Forv;lard‘Bias Reverse Bias |

Block . . Schematic

NPN Transistor Bias

S
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Electron Flow in NPN and PNP
Transistor Circurts .

—_—

—— &iﬁ|E=IB+|C . |

e

 NPN Circuit

\e=lgtic
PNP Circuit

113 ‘ ™ 3
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-

~ Typical Transistor Types

“Smal! Signal Transistors

~ L4
OB ' > \
col* ‘EBCY {o oo
{Bottom View) . (Bottom View) i (Bottom View)
: . Power Transistors

Mounting Stud

Case (Collector)

— Case

(Bottom View) (Colleétor)

. (NOTE: There may be other base diagrams)

o ’ 1.\1\8 ) . T™ 4




TRANSISTORS .
"~ UNITV

N 4;: )

ASSIGNMENT SHEET #1--LABEL A TRANSISTOR cilrcuit -

A
Directions: On the-transistor-circuit below, label-or draw the following:
a. Category of transistor
1. NPN
’ 2. PNP
b. Leads . -
1. Emitter . -
. .
AN
2. Base
3. Collector . .
c. Draw in the correct battery-bias supplies .
d~ Electron circuit flow

1.

2.0 1,

BEII-129
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TRANSISTORS
UNIT V

ANSWERS TO-ASSIGNMENT SHEET #1 ' .

'4
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. )
[ ‘A‘
* TRANSISTORS s . \ e
+ UNITV
H <
’ .
. JOB $HE ET #1-TEST TRANSISTORS ‘ .
. % . - '
l Tools and equipment . . N
e . A. Assortment of transistors (both signal and power types) ‘ ’
. B. Ohmmet‘er .
T C. Transistor tester (if available) ‘ . ’
» ~ ’
Il.  Procedure -« . . \\;

« A. Carefully examine the assortment of transistors and note the differences in ;
size, shape, and lead arrangements . oy :

. B.  Choose two signal transistors and one’power transistor
PN

M C. Determine which ohmmeter lead is positive and which is negative '
--(NOTE: Either get this from the manufacturer's |nstruct|on book or by
. measuring the voltage with a voltmeter.)
v . . : !
‘ D. Identify the emitter, base, and collector leads
s E. Place the ohmmeter on R x 100 range
(NOTE: This is necessary because there may be too much voltage if the
) ohmmeter is placed in a high range.) .
F. Determine the forward-biased émitter base junction
1. Place the positive ohmmeter Jead on the emitter lead and the negative
. ’ ohmmeter lead on the base lead -
2. Note the resistance reading -
. 3. Place the negative ohmmeter lead on the emitter and the positive
ohmmeter lead on the base ) - .
) 4. "Note the resistance reading /. ’
. 5. “Compare the two resistance readings .

6. Repeat steps 1 through 5 for the collector-base junction »

7. From above~reading, de.ermine whether the transistor is good or
' bad A

& - .
3 K
*8. If the transistor tested was good, state whether it is PNP or NPN

%

-

‘ i 9. If the .transistor tested was bad, state where it was open or shorted




JOB SHEET #1 o ‘

. . G. |f your lab has a transisto¥ tester,,following the instructions given in opera-
tions manual, check the transistor . .
- “ " H. Check your findings with your instructor v BRI
DATA CHART
s :
f« ;
\
EMITTER-BASE JUNCTION - '
s * } .
Reg —— Lt : .
Rgg ———— ,
“/‘1 ) N . .
COLLECTOR-BASE JUNCTIO1N . .
v . /
Res . i ",,;
h Rgg —m p . ‘
L
>
. . } -
TYPE OF TRANSISTOR , o
\ o




BIPOLAR JUNCTION TRANSISTORS
UNIT V. :

ERS

’ NAME

.

%

~
.

. , i * TEST

Match the terms on the rlght with their correct definitions. -

i
i

a. The section that collects majority carriers . 1,

b The voltages required to maké the semi-

conductor devices operate correctly
rl

c. The section used to control the flow of
majority carriers from emitter to -collec-
tor v g

~d. The section that supplies majority carriers

e. One of the two major categories of bipolar
*, transistors consisting of P-type material for
the emitter, N-type material :for the base, and
P-type material for the collector

-
-

f. A three-terminal semiconductor current- ,
controlled device. that is normally used
: as a control switch or as ‘a signal or power
amplifier<

g. One of- the two major categories of bipolar
transistors consisting of N-type material for
the emitter, P-type material for the base, and
N-type materiql for the collector

h. Two types ‘of cairiers, holes, and electrons
flowing in transistors

~

Match transistor terms with their standard abbreviations.
. - .
I . ) 1.
b. C ... -
—— . 2.

e. B‘ [ 3 » . . 5.

. B

® N o oA W N

Bipolar junction
transistor

Emitter

i

Collector
Base

NPN transistor

. .
PNP transistor
Bias

Bipolar

»,

Transistor-
base lead

Transistor- .
emjtter Yead

Transndtor- *

) gdllector lead

.Bg}se current

Emitter curgent:

.

Collector current

BEII-135 1
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3. Identify the basic elements in PNP and NPN transistor block diagrams and schema-

tics.

a. .
\‘ b.
\
%
P I[N| P \
‘C.
. y o f.
Block Diagram Schematic
‘ PNP Transistor ~
g h.
W ®
AN ) .
—‘ N]P| N
i. E
~ . : ’ - Lo-
Schematic
- NPN Transistor
. e. i i
- -
] f. O - - -
g k.
h. - | ' ‘
122
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_

o ‘ 4. Select the major uses of transistors by placing an "X" in the appropriate blank.
) a. Amplification

b. Oscillation - ‘ .

c. Switching
d. Transforming

. Energy storage ) .

A

-

5. State the base to emitter forward voltage drop for germanium and silicon transis-

tors.
a. Germanium . to volts
b. Silicon to ._volts

6. Identify the, correct biasing arrangements for PNP and 'NPN- transistors by -drawing
the battery connections in the circuit schematics below.

. a. PNP - i -

[T AN

L

et
I~
v
Qo
—




Ig«1g+IC
NPN Circuit

% ;E"é"c -
PNP Circuit

” e
&

8. Distinguish between small signal and power transistors by placing an "X" next to the
signal transistors.
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. 9. Label a transistor circuit.
10. Demonstrate the ability to test transistors.

(NOTE: If these activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)




1. a. 3 “e.
b, 7 f.
c. 4 g’
d. 2 h.
2. a 4
b. 3
c. 2
d 5 -
e. -1
f. 6
3. a. Emitter
b. €ollector
c. Base
-d.  Emiitter (E)
4, a,c
. : 5. a. 0:2to 0.3 volts
" b. 0.6 to0.7 volts
6. a PNP
b. NPN

r
BIPOLAR JUNCTION TRANSISTORS
UNITV
ANSWERS-TO TEST
6
1
5
8
e. Collector (C) i. Base
f. Base.(B) j.  Emitter (E)
g. Emitter k. Collector (C)
h. Collector . Base(B)

BE Il.- 141
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lg=lg*ic

Ie=lgHe

AS

Evaluated to the satisfaction of the instructor

o

o
\3‘
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BIPOLAR-JUNCTION TRANSISTOR CIRCUITS
\ UNIT VI

UNIT OBJECTIVES

e

After completion of this unit, the student should be able to identify transistor circuits, state

‘the relative-values-of-current.voltage.and-power gain.in.decibels,.and_list.the most.common

applications for basic transistor circuit types. The student should also be able to construct
and test each of the basic transistor circuit types and demonstrate the ability to plot the
output characteristic curves for a common-emitter transistor circuit. This knowledge will be
evidenced by correctly completing the procedures outlined in the assignment and job sheets
and by séoring 85 percent on the unit test. )

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms related to bipolar-junction transistor circuits with their correct
definitions. : :

2. Identify the basic.types of transistor circuits:

-

3. Match transistor circuits with terms or values associated with circuit current gain.

-

- 4. Complete a table showing the gain characteristics of basic transistor types.

5. State which typés of transistor circuits give signal voltage phase reversal.

6. Match transistor circuits with their common applications.

7. Complete a table showing the relative magnitudes of the input.and output imped-
ances for basic transistor circuits. ] .

8. Compute voltage, current, and power stage gain in decibels.

”

9. Demonstrate the ability to:

¢

a.. Construct and test a common-emitter circuit.

‘b, Construct and test a common-base circuit.

c. Construct and test a common-collector-circuit: e

d. Plot a transistor output characteristic curve.
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BIPOLAR-JUNCTION TRANSISTOR CIRCUITS
. UNIT Vi

SUGGESTED ACTIVITIES

l. Provide student with objective sheet.
. Provide student with information, assignment, and job sheets.

A1 Make transparencies.

v. Discuss unit and specific ob]'ectives.
V. | Discuss information and as;ignmen't sheets.
VL. Demonstrate and discuss the procedures outlined in the jo'b' sheets.
- : VII.  Show various types of transistors, -
Vil I.; Give test.

INSTRUCTIONAL MATERIALS

e l. Included in.this unit:
'.A. Objéctive sheet . . .
B. Information sheet -
- ‘C. Transpar_ency masters
1. TM 1-Circuit Schematic Diagrams
2. TM 2--Gain Characteristics of Bgsfc Transistor Types
3. T™M 3--ImpeAdanc‘e Characteristics.

D. Assignm;ent Shaet #1--Compute Voltage, Current, and Power Stage Gain in

Decibels
<

E. Answers to assignment sheet

F. Job sheets

= o= . 1-—Job.Sheet.#1--Construct and Test a Common-Emitter Circuit

" L ‘.._“_J

‘ _ 2. Job Sheet #2--Construct and Test a Common-Base Circuit

125




-

3. Job Shk=et #3--Construct and Test a Common-Collector Circuif
4. Job Sheet #4--Plot a Transistor Qutput Characteristic Curve

. Reference--Grob, Bernard. Basic Electronics. New York: McGraw-Hill Book Co.,
1977.
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BIPOLAR-JUNCTION TRANSISTOR CIRCUITS
. UNITVI

INFORMATION SHEET

<&

Terms and definitions

A. gaip--Ratio of the output quantity to input quantity, often abbreviated as
A' .

B. Voltage gain (A, )--Output voltage divided by input voltage

Current gain (A;)--Output current divided by input current . .

o o

Power gain (Ap)--Output power divided by input power .

-

E. Input impedance--The impedance of a circuit as viewed from its input
terminals .

F. Output impedance--The impedance of a circuit as viewed from the output
. terminals

G. db (decibel)--A ratio of an output‘ level to an input level
Basic types of transistor circuit§ (Transparency 1)

A. Comr}Ion emitter -

B. Common base

C. Common collectpr

. (NOTE: For PNP transistor, reverse-bias polarity of battery termyinals.)

A
~
»

Tran%far circuit current gain (Ai) . : ) .

\ - - L e - PR

A. Comman emitter . y .
1. he \\ . -
2. Betaor

3. Much great&r\ an 1: fypical current gain value = Sb

B. Common base"

1 hey ' ]
2. Alpha or A \ . '

3. Current gain less'than 1;typi(>aK0.95 to 0.99




v

INFORMATION SHEET

C. Common collector N .

1. Current gain is'greater than 1
2. Called emitter follower

Gain characteristcs of the basic transistor types (Transparency 2)

V.
A. Common emitter
1. Ay = high (300) oo
2. A;j=hg, =p= high (50)
3. Ap = very high (15,000)
B. 'Commqn base ‘
1. Ay = high ;(500)
2. Aj=hg=R= low(0.97)
) 3. Ap= medium (485)
‘ C. Common collector -
1. Av= low (less than‘1)
2. Ai= high (60) : e ——
3. Ap= low (48) -
T TV T Signial voltage phasereversal
A. CE-vyes ‘
B. CB-no
C. CC-no
Vi. Transistor circuits and their common applications

A. CE- Small signal amplification

B. CB- High frequency power amplification {current reguilatioh)

P

R

C CC=Voitage follower(impedancesmatching)=——==——-==

t

7 L3

' 132
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INFORMATION SHEET -

Impedance Characteristics (Transparency 3)

A. CE

1. Input impedance - Medium (1,000 ohms)

2. -Output-impedance - Medium (50,000 ohms)

B. CB
1. Input impedance - Low (60 ohms)
>2. Output impedance - High (1 Meg ohm)
C. CC ‘
1. Input impedan;:e - High (400,000 ohms)

2. Output impedance - Low (100 ohms)

a

""\

. .. 133
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. CE (Common Emitter) . .
- EX /IC =
. Input . @ Output -
@  Sgn § ‘B ' %RL Sngnal
— = - Lo

cC (Common Collector)
‘ For PNP Transistors erse The Polarity of Battery Terminals.

BEIl-151 . °

P . ™ 1
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~ Characteristics Common Emitter . Common Base Common Collector
Voltage Gain a ’ | R '
AL, = VOut ‘High . . High Low
VZWin (300) (5C0) Less Than One
Current Gain - . : .
| Out High Less Than One - High
i= T (50) (0.97). ~(50)
Power Gain L ’ .
P Out Very High Medium Low
Apm B (15,000) (400) (30)
139 :

130

T gSL-11389




Impedance Characteristics

Charactéristics Common E,n;itter Common Base | Common Cpllector'
~Input, Medium "Low High
Impedance (1,000) " (60) (400,000)
Output ~ Medium High Low
Impedance (60,000) (1 M) -(100)
133
137
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BIPOLAR-JUNCTION TRANSISTOR CIRCUITS
UNIT v;

ASSIGNMENT SHEET #1-COMPUTE VOLTAGE CURRENT, AND
- ~ POWER-STAGE GA|N IN DECIBELS

Directions: Using ‘the formulas given below, tonvert the gain. values to their equivalent db
value.

I Forn;nu'las E
A:  Voltage gain-20.log Av.= gain.in db-
B. Currentgain-20 Ié)g Ai=gainindb ‘“
G Power gam—-10 log Ap = gain in'db

Example: If. voltage gain is 100, then the gain in db would be 20 times -
. the log of 100 which is equal t0.20 x 2 or a db gain of 40

"I.I.r ‘Problems
A. Voltagé ga;in
1. A,=100 . db gain="_
2. A,=75 "db gain =
B.  Current gain . ‘
1. A=1 ‘ db gain = _
2. AE .96. db gain =
C. Powergain
1. A,=25 db gain =

P
2. Ap =2 db gain="

133
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5 . A i - "‘.' _
¢ . -‘?ﬁ,
BIPOLAR-JURICTlON TRANSISTOR CIRCUITS
; , UNIT VI
ToMER

ANSWERS TO ASSIGNMENT SHEET #1

oF

A1 ziq db
2. 37.5db
B. 1. Odb
2. .-0.35 db . -
C. 1..1398db \

2. 301db
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' BIPOLAR-JUNCTION TRANSISTOR CIRCUITS
UNIT VI

Ao

JOB SHEET #1--CONSTRUCT AND TEST A COMMON-EMITTER CIRCUIT

i

I Tools and equipment

A. 1NPN transistor (2N1304 transistor)

B. Microammeter and 2 milliameters {(or 3- multimeters-zero to 50mA range)
C. VTVM
D. Oscilloscope

E. Audio signal generator

F. 1-1M resistor. 1-47K resistor. 1-1K resistor, 1-10K and 1-1K potentiometer
(use 1/2 watt resistor) : :

(NOTE: Resistor values may vary for your particular transistor)
G. +1-10 uF capacitor
H. Power supply 0-20VDC
. Procedure

A. Do not turn on power supply at this time

‘B. Connect the circuit as shown below

Lo A 2N1304 Transistor
O Base

* Oscilloscope
- Signal E
Generator
t ' Collector
— o [ o

(NOTE:-If you do not have a microammeter for | insert a 100 ohm resistor
in series and use your VTVM to read the voltage drop. Then, compute the
current from the VTVM reading and the value of the resistor.)

141
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z =

©

I

JOBSHEET#1 = =

~

Have-your instructor approve your circuit wiring -

Set the 'potentsiometers to zero ohms between poi|:1ts AandW

Set the power supply for 20V DC

Adjust the collector potentiometer R3 until Vce is 6.0 volts -

Adjust the base resistor R2 until the base current, IB' is 20 microamperes

. Recheck Vcé to see that it has remained at 6.0 volts

(NOTE: It may be necessary to readjust R3 to maintain Vce = 6 volts
and Ia =20 pA.)

Read and record Ic when Vce =6.0v anfi IB = 20uA

Using 'ybur VTVM read and record the base-émitter.DC vqk‘age

Increase the base resistor, R2, until IB is 40 microampéres
Recheck V, = 6.0 volts, adjust R4 as needed
Read and record Ic when Vce =6.0vand IB =40 puA

Connect the signal generator -across the 47K input resistor, and set the
output frequency to 1 KHz :

Turn the signal generator on and adjust the input signal, €y, aCross the input
resistor R1 to 10 mV rms value

Use the oscilloscope to view this waveshape and make a sketch. of the
waveshape showing frequency and amplitude. -

Move: the oscilloscope to observe the output voltage across the 1K ohm
output resistor

Make a sketch of the output waveform, showing amplitude and frequency
Compute and record the output voltage, €qr in rms

Compute the output current, i'out' by .dividing the output voltage, €qr
by the load resistance, 1K : .

Measure the rms voltage across the 1 M ohm series resistor
Compute and record the:input current iin

Calculate the current gain by dividing iout by iin' and express your answer in
db

Have your instructor check your calculations




JO‘B SHEET #‘1 _
Data Table

DC measurements

Ig IB . Ic " VBE
A Ve =6v | 20uA
| Ve = | 40uA
. AI‘
AC measurements
PP  rms
Vin ]
,|rin
|calculated
1 vout
iou'c
A dB=
- Cal. e
A.dB 7
cal..
A,dB
cal.
I 4

BE Il - 163
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. “BIPOLAR-JUNCTION T?@‘SISTOR CIRCUITS \ .
' UNIT :

L

* JOB SHEET #2-CONSTRUCT AND TEST A COMMON-BASE CIRCUIT

. Tools and.equipment )
1-P@P transistor (2N1305 or equivalent) . \ -
Variable.power sup-ply (0-20Vv DC) L
Oscilloscopé
Audio signal generator . “
VTVM -

’ Mfcrqammeter (or multimeter)

2-milliammeters (or multimeter)

I 6 m m g O W >

Resistor 1-1 K, 1-47K, 1-1M (use 1/2 watt resistor)

_ﬁ .
v I Onecapacitor - .]0uf .
X J.  Potentiometers - 50 ohm, 1W & 750 ohm, 1W 'ﬂ -
. ' | Procedure ‘
’ A. Do not turn on power supply at this time
B. Connect the circuit as shown below
;o
™ . . 2N1305
AW - B
i Sigfal K . .
Generator y Oscilloscope
-
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o

T o6 m m

O 2z 2 r R &

T.

N

¢ JOB SHEET #2

Have your instructor check your circuit wiring

Adjust potentiomete'r R2 until the resistance between point A and point W
reads zero ohms ’

Turn on power supply and set for 20 volts

Adjust potentiometer R3 untiI-VCB reads 5.8 Volts

Adjust potenfiometer R2-until the collector current reads 25 mA

Read and rgcord‘lc, IB‘,‘and-lEf

Adjy:sj potentiometer R, to o'btgin a 20 microamp increase in Ig

Measure and-record IC, 'B' a!nd IE

Measure Vg g with the VIVM . _ o
State whether your transistor i; germanium or silicon l

Connect the sighal generator across to 47K input-resistor-

Set the signal.generator for 1 KHz

Adjust the signal generator until the voltage across the 47K iﬁput resistor
reads 10mV rms

Using the oscilloscope, observe the waveshape of the voltage €, across the
47K input resistor

Sketch the waveshape of €in showing frequency and amplitude

Measure the rms voltage across the 1M resistor and compute the rms input

current, i; . \

Using the oscilloscope, observe the waveshape of the voltage e, across
the 1K load resistor

. Sketch the waveshape of € showing amplitude and frequency

. )
U. Calculate the rms value of €

V.

Ca\l"c\ylate the rms value of the output current, i
Calcﬁ]a\te the voltage gain of the circuit
Exp’ress“t\he voltage gain of the circuit in db
Have your instructor check your calculations

(NOTE: Rerhgmber to convert peak-to-peak voltage readings from scope to
rms value)
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JOB SHEET #2

Data Table -

DC measurements

AlC |
VCE e ! E Al .
step Hy| 254 .
Test 2 T N ‘ o
(step J) ‘
. ‘ AC me'avsurements;
. | : o P-P RMS
- ) ‘ ein.
Vi
lin 3
€, (Vix)
io |
A | |
AydB ¥ 4 y
@
146 °
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>

I
® J-

A.

B. ~ Connect recircuit as shown below

Procedure .

‘BE I -
" ¢ BIPOLAR JUNCTION TRANSISTOR CIRCUITS .
; . =UNIT VI B
. - JOB SHEET #3 .CONSTRUCT AND TEST A COMMON-
COLLECTOR CIRCUIT :
. * 1. Tools and equipment - ' .
. A.” Variable power supply (0-20V) .
. ‘ B. 1-PNP transistor (2N1305 or etzuivale‘n;)m .
- C. Osc,illoscope. ‘ -
D. Signal generator : .
.o E. ;/TVM .
. F. 1-10uf capamtor
G. .Resistors - 1 47K, 1- 1K 1- 1M (use 1/2«watt resistor)
o ’ H. Microammeter (multlmeterv)p A ‘
o : :

Two milliammeters (multimeters)

Po’tentiomgteré - 1-10K, 1-1K (use-1 watt potentiometer)

=

Y

Do not turn on power supply at this time

a—

Signal
Generator

“Oscillscope

TS
=i

169




JOB SHEET #3

A g .

w C. Have your instructor approve your circult wiring - e .

D. Set potentiorﬁster‘ﬁz to zero ohms between points A and W
E. Setthe power s\t.gpply to 20 volts .
\ /

F. ' Adjust pc.)tentiorr\i{ater\R2 ur;til IB reads 20 A

G. 'Adjust.potenti'omé%er R3 until V, as rmeasured by the VTVM reads 6 volts - =
by - f ¥ . s AN
3 R \ * . i .
. H. Measure gnfi record Ig, IBband‘IC } . N o
N . I, Adjust potentiometer R, until |5 reads ,’40 UA '
J. Measurgand record !E, IB' IC ; S ‘ . . ’ v ‘ ’

~ ~

K. -Measure VBE with ‘the VTVM and determine if the transistor is germanium
: . or silican : ' ‘ : e
&% ‘ - ¢ N
: ° . i . .
L. Connect the signal generator across the input resistor {471 .

, - M.. Connect the 'VTVM across the 47K resistor and adjust the signal .
, \ generator at1KKHz until the VTVM reads 10mV, rms . \

f -N. Read the.rms voltage across the 1 meg ohm resistor

{
!{ ' . 0.. Calculate the input current . - . . ’ . .

P. Sk/etch the waveshape of the input voltage shobwing both amplitude and
frequency, as displayed on the oscilloscope N

h . ) .
. Q.+ Sketgh the -observed output waveshape across the 1K load resistor X
and calculate the rms output voltage . .

1

R. Calculate the rms value of the output curfen’t, io , e
S. Calculate the circuit's power gain and express the value in db

.

T.- Have your instructor check your calculations

)
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v
*

- Data Table

JOB SHEET #3

" DC measuréments SN
| alc
Vcee. ¢ - IB IE A g
6.0V | 20uA
6.0V 401A
AC measurements
P-P RMS
Iin
T out
Vi,
lour
V1m )
.
|in
A
“AdB )
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BIPOLAR-JUNCTION TRANSISTOR CIRCUITS
: © UNIT VI

’ L - %

JOB SHEET #4--PLOT A TRANSISTOR OUTPUT CHARACTERISTIC CURVE

‘Tools and equipment

A.» 1-NPN transistor (2N1304 transistor)
_B. 1-microammeter and 2-milliameters (or three multimeters)
" C. VTVWM

D. '2-powe} supplies (0-20V DC)

E. Graph paper

Procedure

A. Do not turn on power supply at this time

B. Connect the circuit as shown below ’ i
I A T |

_=\(\A/\/ \B/ l\ ‘,
M A \ , ,{;Vcc - Jrl

0 - 30V

+
0=30vV
~|Ves
C. Setthe VBB power supply until IB reads 20 uA
D. Record this value
E. Adjust the VC power supply for voltages from O to 15 volts and record
the value of IC (f:or each voltage reading
(NOTE: It will be necessary to use sma\II voltage clamps for VC betwegw
0 and 5 volts. This will allow more measurements for IC at the points whiere
IC rises rapidly.)
F. Set V( back to O volts
G. Readjust Vg for Ig equal to 40 ul}\
H. Record this value

159 !
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© JOB SHEET #4

Readjust VCC from O to 15 volts, recording the value of | at each value of

Vee-

_Set VCC equal to 0 volts
Readjust V‘BB for IB equal to 60-uA
Record this value ‘

Readjust VCC from O to 15 volts, recording the values of\IC at each vr-;lue of
VCC . . -
Ask your instructor how many settings of IB you should use

Plot a graph showing the rglatfonship between IB' 'IC, and VGC

(NOTE: The following is a sample of,what your graph should look like.)

o

- ’ Ig=-12mA
o ' IB=.08mA )
|B=0.04mA

VCC Volts




ERI

Aruitoxt provided by Eic:

DATA TABLE

- B=60uA ..

0.2

0.4

06

0.8
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. BIPOLAR-JUNCTION TRANSISTOR-GHREWITS— .- . . _.
UNIT VI P - :

NAME ’ ' .

TEST

1. Match the terms on the right with their_ correct definitions.

A The impedance of a circuit as viewed from its 1. Gain
input terminals
. . 2. Power gain
b. Output voltage divided by input voltage
o . ) 3. Current gain
c. Output power divided by input power
) o o 4.. Voltage gain
d. The impedance of a circuit as viewed from the
~output terminals 5. Input impedance
e. Output current divided by input current ‘6. Output impedance
f. Ratio of the output quantity to input quan- 7. db
tity, often abbreviated as "A" -
- -g. -A-ratio--ct- an-output level to an input level
2. ldentify the basic types of transistor circu/ig. c
c E T .
B8 Input
Ihput | (?:10;)‘0( . Synal 8 R, g,”g’,‘,’;’,' Signal __'___,s‘gn;n
SvgnéI:: Ra Signal L LA k)}n&l( . Output
—t [+ = 114 -y -— {11~ = AN WY
parl \;L'EF T Yoo PN vléf:—
a. b. c.

3. Match the transistor circuits on the right with the terms or values for circuit current
gain. -

a. hfe 1. Common base

: b.. hfb 2. Common emitter

c. Much greater than 1; typical current gain 3. Common collector

value = 50
d. Betaor .
e. AlphaorA
f. Cal};d emitter follower

g. Current gain less than 1; typically 0.95 to -
099 -




_ 4. Complete the following table to show. the relative magnitudes of current, vqltage
and power gain for basnc transistor circuits.

Characteristics Common Emitter Common Base Common Collector

Voltage Gain ) ] /

Current Gan )
1 Out /

0 T /

lin /

Power Gain ’ /
P Out “f
AP T ,f‘

5. State which transistor circuit types give phase reversa) by indicating yes 07 no by each.
a. CE

b. CB ' ,
c. CC - : . /

/

6. Match the transistor circuits on the right with their common applications.

a. - Small signal 'amplificétion 1. CC
b. High frequency power amplification 2. CE
c. Voltage follower 3. CB

7. Complete the following table to show the relative magnitudes of input and output
impedances for basic transistor circuits.

Charactenstics Common Emitter Common Base Common Collector
Input ’ Low
impedance

Output = Medium

Impedance




BE I1-179.

8. Compute voltage, current, and power gain in decibels.
9. Demonstrate the ability to:

a. Construct and test a common-emitter circuit,

A

. -«

b. Construct and test a common-base circuit.
c. Construct and test a common-collector circuit.

. d. Plot a transistor output characteristic curve,

{(NOTE: If these activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)




BIPOLAR JUNCTION TRANSISTOR CIRCUITS *
UNIT-VI

~ »

ANSWER TO TEST -~

1. a. b e. 3 !
b. 4 f. 1 ’
) c. 2 g 7 ‘
d 6 ) .
5
i
2. a. Common emitter !
b. Common base )
¢. Common collector- \ .
* " 'é‘ 2
' -
3. a 2 e. 1
< b T f. 3 .
) . ¢c 2 g 1 s '
N - d 2 . - .
4,
Gharactenstics Common Emitter Common Base Commpn Collector
e ¢ ceeeslee-Noltage.Gain |
. Ay, 2 YOu High | High Low
' . . VE3Vn {300) (500 Less Than One
. Current Gain ~ -
10ut High - Less Than One - High
Avv T (50) (097 {50)
N <
' Pawer Gain , -
.P Out Very High Medium Low
Ap: i (15 000) {400) (30) ,
- ¥
= {:‘ ‘.
»
5. a. Yes .
em—
b. No .
o No .
6. a. 2 )
bo 3 ‘
c. 1 \
7. - A
Characternstics Common Emutter | Common Base Common Coﬂect‘?r
Input Medium Low High
Impedance {1,000) 60) (400,000) \ N
Output Medium High Low
. Impedance (50,000) am (100)
. . ) |
‘ 8. Evaluated to the satisfaction of the instructor
<

9. Performance skills evaluated to the satisfaction of the inst_r‘;\uctor
i

Aruitoxt provided by Eic:

Rt
(V5]

L
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TRANSISTOR AMPLIFIERS
UNIT VII :

UNIT OBJECTIVE

~

After completion of this -unit, the student should be able to match terms associated with
single-stage and multi-stage amplifiers, construct a load line, calculate overall amplifier gain
in db, list the various coupling techniques, and construct and test various types of amplifier
circuits. This knowledge will be evidenced by correctly performing the procedures outlined
in the assignment and job sheets and by scoring 85 percent on the unit test.

i -

- _ SPECIFIC OBJECTIVES

/

After completion of this unit, thg student should be able to:

1. Match terms related to transistor amplifiers with their correct definitions.

2. ldentify a voltage divider bias circuit.

3. Select true statements concerning leakage current.

4. Complete a table showing the classes of amplifiers, applications, and performance
_characteristics.

5. Select statements describing the characteristics of a Class B push-pull amplifier.

6. Select statements describing the characteristics of a Darlington-pair circyit.

7. Locate the Q point, saturation pomt and cutoff point in a common emitter
Class A ampllfler circuit.

8. Complete a list showing the characteristics of different ty'pes of coupling.

9. Distinguish between ratio stage gains and dB st2ge gains in overall amplifier gain.
10. Select true state‘ments _concér.ning frequency considerations.
11. Construct a load-line for a common-emitter amplifier circuit.
12. Calcuiate thg overall gain of multistage-amplifier circuits.

13. Demonstrate the ability to:

a. Test asingle-ended amplifiér.

b. Test a push-pull amplifier.

c. Test a two stage direct coupled amplifier.

d. Test a basic Darlington-pair amplifier._

1
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TRANSISTOR AMPLIFIERS
UNIT VII

_ ___SUGGESTED ACTIVITIES

Provide student with objective sheet. > ,

Provide student-with-information, assignment,.and job sheets.

Make transparencies.

Discuss unit and specific objectives.

Discuss information and assignment sheets.

Demonstrate and discuss the procedures outlined in the job sheets.
.--—"""“-/ﬁ ’ :

- Givetest. .

INSTRUCTIONAL MATERIALS

&

Included in this unit:
A. _Objective:sheet.

B. Information sheet

»~

C. Transparency masters
1

1. TM 1-Voltage Divider Bias Circuit

2. T™M 2--Amplifier Characteristics by Class of Operqtion |

3. TM 3~Class B Push-Pull Amplifier : ;
4. TM4--Darlington Pair
5. TM b--Transistor Load Line - .

6. TM 6--Coupling Methods'
7. TM 7--Frequency Compensation Networks
D. Assignment sheets -

1. Assignment Sheet #1--Construct a Load Line for a Common-Emitter
- * Amplifier-Circuit

2. Assignment Sheet #2--Calculate the Overall Gain of—MuItistage-AmpIifier
Circuits

'y A . ’-1.58 “ -

L]
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E. Answerto assignment sheets X
F. Jobsheets
| 1. Job Sheet #1--Test a Single-Ended Amplifier
2. Job Sheet #2--Test a Push-Pull Amplifier -
3. Job Sheet #3--Test a- Two étage Direct Coubl\ed Amplifier
4: Job Sheet #4--Test a-Baic Darlington Pair Amplifier
G. 'Test ’

H. Answers to.test - . \

.
\

Reference--Faber, Rodney B. /ntroduction to E/ectron/c Amplifiers. Colum-
- bus, OH: Merrill Publishing Co., 1971.

b
O
Q.)
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TRANSISTOR AMPLIFIERS . N
UNIT VII

INFORMATION SHEET

I Terms and definitions

A.

°J,
=X

A.
‘B.

L. Leakage current

- A-

Single-ended amplifier--An amplifier in which only one transistor is used in
the amplifier stage

Class A circuit--An amplifier biased so that the collector current flows durlng
theentire input-signal cycle

Class B circuit--An amplifier biased so that the collector current flows during
half of the input-signal cycle

Class C circuit--An amplifier biased so that the collector current flows for
less than half of the input-signal cycle . y

Push-pull amplifier--An amplifier which uses two transistors connected
so that each transistor contributes current to the output signal on alternate
half cycles of the input signal

-

1
Darlington pair--An amplifier circuit in which two transistors are directly ’
coupled in such a way as to provide impedance matching wide-band fre-

quency response and high current gain

13
Coupling-The methods used to connect the output of one stage of amplifi-
cation to the input of another amplifier stage

Leakage current--The current that flows through a reverse-bias transistor

junction

Efficiency-The ratio of AC_ power delivered to the load to the DC power
taken from the power supply N

Crossover distortion--Distortion of the output of push-pull amplifier due to
non-linear characteristice f the transistors

Il. Voltage divider bias circuit (Transparency 1)

Divides source voltage across a network of resistors
Permits use of a selected portion of source voltage

»

Types : .

1. Common-base leakage current (Icgg)--With no emitter current

2. Common-emitter leakage current (ICEO)n—With no base current

169

v




Lt T .
INFORMATION SHEET . . ..

.

B. Problems

. . -1...Ambient.temperature rise increases leakage current . e e+ ¢

2. Leakage current rise increases junction temperature

3. Conditions given in parts 1 a'rfrg/Z can cause thermal runaway which . .
may result in the destruction of'the transistdr

<

C. Stabilizing resistor (Re in a common-emitter circuit)--Reduces the amountof .
voltage available at the input, which reduces the mput -bias current.and
prowdes more stable operatmg conditions

Classes of amplifiers, appllcatlons and performance characteristics {Transpar-

. Iv.
ency 2) .
Class Application Distortion Efficiency °
. A Audio-type amplifiers Least . Least '
B Push-pull audio .power Approxirnately Medium )
. amplifiers ) same as Class A-
’ ‘ when operated in-
o (@ push-pull cons
, . figuration

C High frequency Highest Highest ‘
applications and . :
oscillators .

(NOTE: Class B amplifiers conduct only during one half of the input signal

cycle, when operated in a single-ended configuration giving medium distortion.)

; V. Class B push pull amplifier (Transparency 3) . . ?
A. Reqmres two transistors
| B. Reduces distortion (even and odd harmonic) .
\ C. Increases load impedance
) D. ‘Increases output power‘ .
E. Each transistor conducts during one-half of the inbut cycle
F. Requires proper bias to eliminatée*crossover distortion )
AR Darlington-pair circuit (Transparency 4)

K
3

A. Direct coupled type of circuit

B. Used for impedance matchmg or in place of an impedance matchlng trans-

former s ‘
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INFORM}:\TION SHEET

C. Wide band frequency response . ' i

x t *
D. Voltage gain is less than one

E. High current gain

%

A

Ciass A operation load line {Transparency 5)

A. Characteristic curves

“

) 1. 'C ) -
2- VCE
3. IB

B. Saturation ICMAX =

y
cC
'aL .

D. f)perating point or Q point for Class A ampiifier

Characteristics of different types of coupling™

*

A. Resistance-capacitance (R_C)‘coupling (Transgarency 6)

_ 1. Broad fréquency resfponse

Economical

. . Small physical size

2
3
4. Provides dc isolation ) ,
5

Limits low frequency response

B. Impedance coupling (Transparency 6)

BE'll-189

1. Amplifier output is large,r at high frequencies than at low frequencies

2. Used when a narrow band of frequencies or a single frequency is
" .

. to.be amplified

C. Transformer coupling (Transparency 6)

1. Used in power stages

2
3
b 4,
5

. Used for impedance matching
. More costly than RC coupling
Requires mcire spage and is heavier

Excellent dc isolation between stages

-




IX.

INPUT cfo'wf

-INFOBMATION SHEET '

D. Direct coupling
1. Used for very low frequency or dc

2. Used to couple only a few stages because of noise and signal amplifica-
~_tion
N 6”
3. Widely-used for a Darlington-pair amplifier

Overall amplifier gain

A. Ratio stage gains--Multiply
B. dB stage gains--Add‘

Example: (calculation - Av):

NS 05 Ry 50v TR 300v |
1 2 3 O OUTPUT
L~ L~

dB-- Aq = 13.98dB, Ay = 20dB, Az = 15.56dB
+ or Aydb=20 log-300 49.54dB
L At A2 +Ag *:- AvdB Total = 49,54dB
FreqLencysconéiderations -

I3

A Low frequency response of an amplifier is I|m|ted by circuit series capaci-
\ tance or:shunt inductance

B: High frequency response of an amplifier is I|m|ted by circuit shunting
capacnance or series :nductance . <

C E F(equency compensatlon networks (Transparency 7)
1. H:gh frequency cdmpensatlon

2 Low frequency compensatlon
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Voltage Divider Bias' Circuit




“BE‘Il -193

Amplifier Characteristics
by Class of Operation

Input
Class A Operation

Output

Class B Operation - .

“Class C Operation o /\ |

163 ™2
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Class B Push-Pull Amplifier
o i~ o
T




‘ .

Darlington Pair

61 -11 39
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Transistor Load Line

. " (Class A Operation)
P
Vee Loadline
( AL ) 10 IBT-BO uA
| g | ,
- — IB=60 uA
IC 6. - |
(ma) D\, Pt =40 LA
) —— - Ig=20 pA
5 10 - 15 &20 25 30 Volts .
Vce Vee)
Procedure '
A. Locate maximum current point
Vee = Amax
RL -
B. Locate maximum voltage point
Vee = Vee

O

anhect the'se two points with a straight line

D. Locate operating pbint, Q point, by the inter-
section of the | B line with the load line
Saturation point

- Cut off point =

mm




3 e
‘ ' ’ ‘ .
A . <
.

Coupling Methodsi

C
Out

—1d 1 T I 1 . I i .
~ RC Coupling | " Impedance Coupling

) %gut
%4

Direct Coupling

10z - 11 39

171
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9 Frequency Compepsation Networks |

Compensation Network

1nput o 5 Out Out

&ur:ti@%i §—RB = |

L SERIES. COMP'ENSATIONc " SHUNT COMPENSATIONT
High Frequency Compensation

 Shunting Cap.

=

]

!

1

t

1

i

[}
P
et

1

|

]

]

I

i

|

1

Vee - Series Cap. | ,
: ' “ %j .
| § Output
Input ’
Compensation Network
o —e

Low Frequency Compensation

172 ¢
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' : TRANSISTOR AMPLIFIERS
. « UNIT VI

©

ASSIGNMENT SHEET #1--CONSf'RUCT A-LOAD LINE FOR A
COMMON-EMITTER-AMPLIFIER CIRCUIT

Direction: Construct a load-line for the transistor circuit shown below and locate the

following points: ,
A. Qpoint (operating point) ¢ O

'B. Saturation point

+ C. * -Cutoff point

{volts) \ R

£

"

173 . .
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e TRANSISTOR AMPLIFIERS
e . o QAN,II'VII )
iR >
. ASSIGNMENT S:HEET #2--CALCULATE THE OVERALL GAIN OF
N ) MULTISTAGE-AMPLIFIER CIRCUITS’
Directions: Given ihe amplifier block diagrams below, calculate the overall-gain and'expfress
in dB. . - ' o )
. A '
:\ ' 3 v \,
- o— % '% ~ 0
Input - l/ l/ Output
. B. . h )
, - i . ‘ :
i 1 O~ [A\ [A\ [A\ O
1 2 3
Input l/ [/ [/ Output
Ay =10 AV2"4 AV3'= 27
- C.
, o % % 0
Input l/ l/ Output ‘ ,
Ap1 =0.9 AP‘2 = 100
i
)
1 174 :

it




T T T T e e e e e ey ey s e e e e oo o s e o s e e me e T

- / MI3’7!7§“I7I4-209‘

. TRANSISTOR AMPLIFIERS
‘ UNIT VII

2

’ ANSWERS TO ASSIGNMENT SHEETS /
3
/

Assignment Sheet #1 : / N
/‘ .

B. Saturation point )
C. Cut off point
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Assignment Sheet #2 ‘ .. )
1. Av total = 35.99db ~
%
Ayq (7) x A ,(0) = 63
AdB=20l0g63 y . '
‘ 2. AV1=10 Ayp=4. Av3=21 ”
AVTotaI=10x4x21=840 . <.
' A, Total db =20 log 840 = 58.49 * | 3
3. Ap1 =‘:0.9 Ap,=100 = 90 - o
A _dB =-.46 Apy=20db "= 19.54
A, Total = (0.9) (100) = 90
. A, Total dB = (10 log .9) = 10 log 100
-46 + 20 = 1954 -
) a
F
- 3{" * . -
- ¢
> -
l 17y
|
) i
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OEA VAN2222 transistor

-t

3

. .

 JoB SHEET #1-TEST A SINGLE-ENDED AMPLIFIER

S

© Tools and equipment

Microammeter and 1 milliammeter {or two multimeters)}

-

UNIT VI

B. 1 «47k~resi§tér
‘C 1k reéistqr )
D,
E.  1-22k resistor
- F.. -1-220k resistor
G. 1.1k resisior,
H. 147k resistor
I.  DC power supply {0-25V)
~J. Soiden‘aé igor; or soldering gun
;;;é:!‘:? Al resistors are + wétt.)
K. ‘!1k potentip}ztezer
. L. 110V potentiomsater
. ‘i;;gcednre ' B

A. Wire-the circust shown below

-

v * TRANSISTOR AMPLIFIERS,

o
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JOB SHEET #1° T
] \
"Adjust potentiometer R, so ]hat the voltage between points Q and-P is zero
’ \

.\‘

Plug in soldering iron or gun
#
After instructor approves wn;mg, turn on the power; then adjust R3 for 18
volts between point$ Qand R \ ~

Ad;u/st R2 to 50 microamps ?f'base current, Ié
(NOTE: It may be necessaryfto readjust R3 for'18 volts.)

] :
Record the value of coIIector current; I \

x
P .
” v . -

[}

_ Hoid -hot-soldering gun or iron near the translstor ‘case for three seconds

?

Record the maximum value of the collector current
Remove iron and wait unt|I the coIIector current is approxnmdtely the

same value as that recorded inStep D \

Remove power and msért a 15k resistor (R ) between the emitter and

ground - . i R

1

Apply power and read;ust R2 to 50 mlcroamps base current v

‘(NOTE It'may be neceséary to readjust. R3 for 18 vqlts ) “

Read and record the collector-current
Repeat steps G end«,t |

Hemove* power and réplace 1.5k.with.a 4.7k resistor
Repeat'Steps G and.-| !

Calculate the changes in collector current, ler. for each of the three condi-
tions as shown in the table below :

R;E t 1o (coo!) Apthot) |7 Al

g . r
Q- . :
1.5k ) - |

i

4,7k
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JOB SHEET #1

Q. Turn off the power supplies and rewire circuit as shown below

-

BE'I1-213

R. After instructor has checked the wiring, turn on the power supply and =~

set it for an output of 15 volis -

S. Read and record lB and 'C

T. Hold the soldering gtjn or wron dlose to the transistor and heat it for 3

seconds R

U. Read and record.the maximum value of "C
- /

V. .Remove power and leave one end of the 220k-ohm resistor connected to

the base

W. Remove the other end from the power supply and connect it to the collector

of the transistor

X. Abply power and read and record 'B and IC

Y. Hold the soldering gun close to the transistor and heat it for 3 seconds

Z. Read and record the maximum value of IC

AA. Compute the change observed in ]G in these :wo circuits and record in

the table below

Voltage Divider across VC.C'

C‘olléctor —f:eedback

BB. Check completed tables with yorr instructor
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TRANSISTOR AMPLIFIERS
. N UNIT VII® .
, JOB SHEET #2--TEST A PUSH-PULL AMPLIFIER ) .
o L . - ’

I Tools and equipment

- A. 2 power transistors (TI13027 or equivalent)

N

e B. Input transformer (500 ohm primary - 200 ohm cefiter-tapped secondary)

. Output transfoxmer (100 ohrr] CT -4 fohm)

" 1-15k resistor, 1/2 watt - ) ’ /
1-470 ohm resistor, 1/2 watt '

14 oﬁm resistor, 2 W .

1-0.47 ohm resistor, 2 W

I 6 m m o O

AF signal generator

A

fOsciIIoscope..g
J.  Graph paper
K. -0.01 ufd caiaacitor
L. Power supply

M. Multimeter  °
1. Procedure

> -

A. Wire the circuit shown in the following schematic with power off

‘ ) T13027 _I_ :
, . 6.01 uf == . i
. \
[ ® ) : |3 3
INPUT ;
- | OUTPUT .
: Lor .
§SPEAKER ~
M . . ‘ ‘n q ’ - .
_ Q2 - A B ‘ |

. o X T13027

-

1008 10080

4




JOB'SHEET #2 . . .

¢ - )
B. _Have instructor approve wiring; then turn on the power supply and adjust s
for 15.volts -

 C. Measure and record the base-emitter bias voltages Vg of Q1 and Q2

D. Compute the DC-emitter currents using Ohm's Law by measuring the voltage
drops across the 0.47 ohm resjstors

~ -

E. Connect the audio generator to the inpyt transformer and set the output of
the generator to 1000 Hz ’

F. Connect the oscilloscope across the 4-ohm load pn tne secondary of the .
output transformer and adjust the signal generator for maximum undis:
torted output as read on the oscilloscope and sketch the* aveshape

G. Connect the oscilloscope across the input. and make
the scope display . .

¥

a scale drawing ?f\

.

H. Connect the oscilloscope across the base-emitter junction of Q1 and sketch ]
the waveshape - . e
<

I.  Repeat for Q2

J.  Check calculations and-drawings with your instructor

. LY
_ : _ Data Table S .

Vge | e |{Voutepr| VINPP

Vour . o ViN

7 H y t .
UUTPUT WAVESHAPE INPUT WAVESHAPE .

-
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JOB SHEET #3-TEST A TWO STAGE DIRECT COUPLED AMPLIFIER B

Tools and equipment
A.—2:21\1304 transistors or equivalent
B.

C
D
E.

F
G
H

I
J.

K.
L.
M.
Procedure

A. Connecr the followmg circuit w:th power off

. necessary bias for the second stage.)

BE I1-217 -

TRANSISTOR AMPLIFIERS
UNIT VII

2-10 pF capacitors (20V) - . _ T .

i)

2-100 uF capacito‘rs, {20V)
1-47k resistor (1/2 watt)
3-6.8k resistors, 1/2W
2-4.’7k resistors, 1/2W
1-3.3k resistor, 1/2W ‘
2:510 ohm resistors, 1/2W ’ | # \

Variat;le DC power supply (0-20V) - ‘ -

Oscilloscope

Signal generator

Graph paper

D:C. voltmeter ‘ e S o ‘ ‘ .

" (NOTE: A voltage divider is used between the two stages to prov:de the
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. JOB SHEET #3

»

Connect the oscilloscope across the 4.7k output resistor

Connect the signal generator to the input terminals and adjust the frequency

for 1000Hz; leave the voltage level at zero

Adjust the power supply for 15 volts and measure and recote the volt-
ages with respect to ground on the emitter, base, and collector of the two

transistors C

5

Adjust the signal generstor until an uhdistorted waveshape appears on
the oscilloscope

(NOTE: All voltage'measurements should be referenced to ground.),.

Measuré and record the pnakto -peak output voltage usmg the oscillo-
scope and sketch the waveshape \

f1easure and record the peak-to-peak mput voltage at the base of the second
transistor

-

' Measure and record the peak-to-peak output voltage at the collector of

the first stage

Measure and record the peak»to-péak input voltage at the base qf the first~ )

stage
. ~

Determine the voltage gain of the first stage and convert the Voltage gain to a
dB gain

Dete;mme the voltage gain of the aecond stage and convert the voltage
gain to dB gain

-
LY

Determine the overall voltage gain and convert the voltage gain to dB gain

CEonn'ect thevoscilloscope on the input (base) to the first stage and adjust the
signal generator for the maximum undistorted signal at 10KHz.

{NOTE: The input signal voltage must be maintained at a constant level.)

Measure apd. sketch'the=vbltage across the ou*put resistor

Adijust the signal genérafor for the following “~equencies and recorc the -

input and output voltage for each frequency: 10,000, 8000, 6000, 4000,
2000, 1000, 800, 600, 400, and 200 }z. -

Plot a graph of the output voltage versus the frequency; the frequency
should be plotted on the horizontal axis and the voltage on the-vertical axis

Check calculations and sketches with your nstructor
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JOB SHEET #3

Data Table

a

Vae | Vee | Ven | Vout pp [Vin P |{VouT PP [ViNp-p | AV | Avds

A
VTOTAL =

. 10KH, | 8KH, |6KH,

VIN PP

< Voumep
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TRANSISTOR AMPLIFIERS -
UNIT VI _ -

JOB SHEET #4--'[EST‘A BASIC DARLINGTON-PAIR AMPLIFIER

I.. Tools and equipment

A. 2-PNP transistors (2N3638 or equivalent)

B. 1-10 uF capacitor (25V)

C. 1-3M resistor, 1/2W -

D. 141 k resistor, TW

E. dscillgscbpe ST ‘

F. Signal generator

G. Power supply (0-40V, DC)
Il.- Procedure | “

" A. “Wire the following circuit with power off

~

YA ' —/H'rrﬁ. 1

2N3638 20V

2N3638

. R .
) 1kéo’UTPUT
L I ' ) - - o

v : -
. B. Connect the oscilloscope to the output of .the signal generator and the
, signal generator to the circuit input

C. Set the generator for 1000 Hertz and adjust until 4 volts peak-to-peak
is on the oscilloscope screen .

D. Place the generatOr leads to the Darlmgton circust input leads, and leave the
oscxlloscope still connected to the generator output .

E. Move tne oscilloscope leads from the input to the output and measure
the sutput voltage (peak-to-peak)

Ik5 0
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INFORMATION SHEET ‘ ‘

Compute the overall Voltage gain in dB -

G. Check your calculations with your instructor

Data Table y

Vin pp I Vour p-pP

’ . l '

S AvdB =




° . bias transistor junction . .
2. Single-ended

b. An amplifier which uses two. transistors amplifier

connected so that each transistor contributes

‘ . BE I1-223
" TRANSISTCR AMPLIFIERS |
UNIT VI : ’
NAME : 7
TEST ' ‘
~1. Match the terms on the.right with their correct definitions. ’
L a The current that flo.ws }hrough 7a rever;e-> 1. Leakage cgrrt;nt

. . 3. Class A circuit
current to the output signal on alternate
half cycles of the input signal . - 4. Darlington pair .
c. An- amplifier biased so that the collector 5. Push;pull amplifier
‘c.urrgct flows for less than half of the input- 6. Cou;)iling
signal cycle ; -
. ' : i 7. Class B circuit
d. An amplifier_in which cnly one transistor ,
is used in"the amplifier stage’ 8. Class C circuit .
y " e. The methods used to connect the output of 9. Efficiency
’ one stage of amplification to the input of 10. Crossover.
. . another amplifier stage ) N distortion '
f. The ratio of AC power delivered to the ' < .
. load to the DC power taken from the power . T ) :
: " supply BRI .
' o &3 ' odl : o )
g. An-amplifier biased so that the collector . .
current f_Iqws’ during the entire input-signal i
cycle .- ‘ e - ‘
. h. An amplifier biased so that the collector - '
current flows during half of the input-signal
= cycle . o7

An amplifier?c“lrcuit_ in which two transistors +
are -directly “colipled in such a way a5 w0

+  provide impedance matching wide-band fre- ' ¢
quency response and high current gain ' ‘

—
.
.

. j. Distortion of the output 6f the push-pull ~ Lo
amplifier due to non-linear cj)ara,éieristics
of the transistors




) ) ‘ 8
2. ldenufy th. voltage divider bias circuit by placing an "X"™ under the appropriate
circuit, _ ;
<
g ; ¥ee
. - 4}0 “
¢ - [
. Vour
. § Ry -
___-_a' "#1\3 g. .
- . . .
- . .
- * ) » ’ -
. . . s ' . 3 } l
i T V Series Cap. 4 )
. . . CcC 1 ..
|1l [ Ij ! 5
- ' r r]
. . y
. ‘ § OUTPUT
C INPUT - , (
" Compensation Network )
] R ) - Pe . o ) )
b. '
—_— . .
® ’ .
- ) g . ‘
. 6‘ , ] .'( " ~ v )
N N LN - S
[4 . e . . . -
. * . . . 1‘&,(5: .
- . h . . . . ‘.
1] * . : . ' * - -
s . .
M b Iy * * 3
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Select true statements concerning sources of leakage current and problems associated
with it by placing an "X" in the-appropriate blanks.

a. ICBO is a type of leakage with no emlttrer currént

lCEO is.a type of leakage with no base current

. Ambient temperature rise increases leakage current
d. Leakage current rise increases junction temperature

e. Conditions given in parts c and d above can cause thermal runaway
~ which may result in the destruction of the transistor

i f. The stabilizing. resistor increases the amount of voltage available at the
- input, which reduces the input-bias-current and provides more stable opera-

AR ting conditions

¢
4. Complete the following table showing the classes of amplifiers, applications, and
performance characteristics.

Y

1]

Class Application Distortion Efficiency

A Audio-type amplifiers . ) : S

B Push-pull audio power N
amplifiers !

C - High frequén‘cy -~
‘applicationsand |- :
oscillators -

5. Select true statements describing the che.acteristics of a Class B push pull amphf:er
by placing an "X" in the appropriate blanks. . ~ -

. .,

a. Requires only one transistor .

J

b. Requires two transistors

_____¢. Reducesdistortion : A /—’/
" d. Decreases output power /;.
’ ; 5
‘ / i e. Each transistor conducts dunng one-half the nqut cycle x
- _‘___f. Requires proper bias to eliminate crossover dif{omon

225.
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6. Select true statements describing the charactenistics of a Darlington pa:r circuit by
placing an "X" in the appropnate blanks. ) . ‘
» 2
3. Capacitance coupled between sigges 7 -

+ . . . -~

b. D,xrect coupled typeofcwcuzt‘ '

c. Narrow badd frequency response

d. Valtage gain :s\less‘than one - Y
SR .

e. High current gain .

7. Locate the Q point, saturation point,” and cutoff nmnt n a common- émsuer Class

A amplifier circuit by.correctly labeling the diagram that follows.

VCC A"\ ‘ i N .
me—— RL'\_' 70 { !8 =80x A -
1-8,. - ’
, . e Ig=B0RR
\' l ) ) ..’ "—A ’ .
Clmaj - s _“._.jB'dGle' -
4 ~ [ : L -
. : Pos . -
“ 2 1 i‘; i lB ’ZDVIIA o
NG ’ 15084 T
© 8 1015 (20 25 30 . :
; . v ) ch ' - _;'VC{:f .
a. : p, ‘. S

8. Cqmpzuze a bist showing the characwnst:cs of different typis ot couphng by Diacmq
the correct :nfcrmatfgn in the t:ﬂanks befow e:u.h nf the !?oﬂmamg hﬁaqus‘
A Y t s .

€

a. . Resstance-capacitance coupling - - "
. 1
2} Economical ’ )
’ 3} Small physical size” -+
' . 41 . Prowvides deisolation . .
- . . ]
5) ‘Lupastow frequeacy response .~ - - ’
% T B B - . ! <
B tmpidance couplng . C Do -
- > . : : - . ’
“ ., 1) *\‘7 ‘7{ ' : . 1’ . . ' .
. AT : . -
- 2} Used when 3 farrow band gf frequencass or 4 singly frequetcy & o be
amphbed . .- D . . S : :
., e . - - N '\ .
R AP ALV DA
'-’ : * : = ’ I ) ” ) c o ’
= o o4 '

SR L
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-

d. Test abasic Darlington-pair amplifier- ¢ ‘

(NOTE: If these activities have not been accomplxshed pnor to the test, ask your .
- instructor when they should be-completed.)

5 *

- v/
: 3
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' c. Transformer coupling
\ 1) Used in power stages

2) Used for impedance matching 2
3} More costly than -RC coupling
4) Requires more space and is heavier

.

5)

d: Direct couplingi

1) Used for very low frequency or dc

3)
9. Distinguish between ratio stage gains and db stage gains in overall amplifier yain by

placing an "R" next to material that applies to ratio gains and "dB" beside material
. . that applies to dB gain.

_

-

- a. Multiply
b. Add

‘ " 10 Select true statements concerning frequency considerations by placing an "X" in
the appropriate blanks. * .

»
[y

’ %<
. a. Low frequency response of an amplifier is limited by circuit series capa-
¥ citance or shunt inductance . -

o -b. High frequency response of an amplifier is limited by circuit series capa-
citance or series inductance ’

c. Frequency compensation networks include

1) High frequency compensation ‘ -
€ -
o
2) Low frequency compensation -
- 11. Construct a load-line for a common-emitter amplifier circuit.

12. Calculate the overall gain of multistage-amplifier circuits.
] 13. Demonstrate the ability to: )
a.  Test asingle-ended amplifier

b. Test a push-pull amplifier

.' c.  Test a two stage direct coupled amplifier

191
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F'S
d. Test abasic Darlington-pair amplifier: 3 ‘

(NOTE: If these activities have not been accomphshed prlor to the test, ask your .

“instructor when they should be completed.)
: . 2

~
) .
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TRANSISTOR AMPLIFIERS

UNIT VII
ANSWERS TO TEST
1. a. 1
b.- 5 ‘
c. 8 {
‘““'6?”“2““““””‘§ "
e. 6 - )
f. 9 . "
g 3
h., 7 >
i. 4
i 10 - -
2. a
3.a,b,c,de _ .
4. Class Application Distortion Efficiency
— A Audio-type amplifiers Least Least
B Push-pull audio power Approximately Medium
amplifiers same-as.Class A
when operated in
a push-pull con-
. figuration
C High frequency " Highest Highest
applications and .
oscillators
5, bfqe,f
6. b,d,e
7. a. Saturation point
b. Qpoint
c. Cutoff point
8. a.' 1) Broad frequency response.
b. 1) Amplifier output is larger at high frequencies than at low frequencies
c. 5) Excellent dc isolation between stages,
d. 3) Widely used for a Darlington-pair amplifier
9. a R ' . .
b. dB
50. ac
11. Evaluated to the satisfaction of the instructor

BE Il - 229
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.

12. Evaluated to the satisfaction of the instructor

13. Performance skills evaluated to the satisfaction of the instructor
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s . OPERATIONAL AMF;LIEIERS
* UNIT VIlI . . )

- ) UNIT OBJECTIVE .

After completion of this unit, the student should be able to identify the categories and

subdivisions of integrated circuits, list advantages and disadvantages of integrated circuits,

. calculate gain for various types of operational amplifiefs, and construct and test various

" types of operational amplifier circuits. This khowledge will be evidenced by correctly

performing the procedures outlinéd in the assignment and job sheets and by scoring 85
percent on the unit test. ' T,

v o

SPECIFIC OBJECTIVES

" After completion of this unit, the student should be able to:
1. Match terms related to operatioﬁal amplifiers with their correct definitions.
2. Complete a diagram to shon_they categorie;s and subdivisions of integrated circuits.
. 3. Distinguish between the advant'ages and disadvantages of integrated circuits.

4. Match inverting and nopinverting operational amplifiers with their characteristics
. and A,, formulas. .

5. Match DC summing inverting and differential amplifiers with their character-
istics and Vout formulas. = .

6. Calculate the closed-loop gain for an inverting and a noninverting amplifier.
7. Calculate the output voltage of a D'C,summing inverting amplifier.
8. D,emonst’rate the ability to: ‘ .

a.  Construct and test an inverting amplifier.

b.  Construct and test a noninverting amplifier.

c.  Construct and test a DC summing inverting amplifier,

d. _Construct and test a differential amplifier.
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OPERATIONAL AMPLIFIERS . -
* UNIT VIII

SUGGESTED ACTIVITIE!,

Provide student with objective sheet.
.Pro;/ide student with information, assignment, and job sheets. .

Make transparencies. ‘
Dlscuss umt and specific-objectives.

Dlscuss mformatlon and assignment sheets.

Demonstrate and discuss the procedures outlined in the job sheets. A

Give test.

- INSTRUCTIONAI. MATERIALS

Included in this unit:
A. Obijective sheet o .
B. Informationsheet . . .

C.  Transparency masters

1. TM 1--Categories of Integrated Circuits «
2. TM 2--Monolithic Integrated Circuit -
3. TM 3--Hybrid Thick Film Circuit ’

TM 4--Inverting and Noninvertir}g Amplifiers

>

5. TM5-DC §umming Inverting Amplifier
6

. TM 6--Differential DC Amplifier

& »
D. Assignment sheets

¥

1. Assignment Sheet #1--Calculate the Closed-Loop Gain for an hlnvert-
ing and a Noninverting Amplifier ’

"2, Assignment Sheet #2--Calculate the Output Voltage of a DC Summing
" Inverting Amplifier

E. Answers to assignment sheets




[ a—

F. " Job sheets ' . ‘ ‘

1. Job Sheet #1--Construct and Test an Inverting Amplifier
2. Job Sheet #g--Construct and Test a Noninverting Amplifier
3.WJob Sheet #3--Construct and- Test a DC Summing Inverting Amplifier -

4. Job-Sheet #4--Construct and Test a Differential Kmplifier

G. ™Pest
H. Answers to test . .
- i
References ‘ - B

A. Seippel, Robert G. Designing Circuits with IC Dperational Amplifiers. New ,
York: American Technical Society, 1975.

B. Rutkowski, George B."Handbook of Integrated Circuit Operational Ampli-
fiers. Englewood Cliffs, NJ: Prentice-Hall Inc.,, 1975.

-




Terms and defintions
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H.
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OPERATIONAL AMPLIFIERS
UNIT VIII

.

INFORMATION SHEET

5 =

3

Integrated circuit {IC)--A complete. electronic circuit that is fabricated.on &
single chip,of silicon

Operational amplifier (OP-AMP)--A solid-state integfated circuit.amplifier
that uses external feedback to control its gajn

/ -
Linear IC--A classification of integi’atéq circuits used for analog amplification
purposes ; -

Digital 1C--A classification of integrated circuits used for switching purposes

Monolithic device--A complete circuit including active and passive devices—

and all interconnections fabricated upon a single piece of silicon crystal

r

Hybrid device-A device which is made by mounting separate components
&(resistors, transistors, and other devices) onto a substrate of insulating
matefial ‘such as glass or ceramic

Open-loop operation-An application' of an operational amplifier circuit
that uses no external feedback

Closed-loop operation--An application of an operational amplifier cir-
cuit that uses external feedback

- i, 3

Categories and subdivsions of integrated circuits {Transparency 1)

A

. B.

Monolithic--One method of |C fabrication (Trgnsparency 2). .
1. Bi;;olar--Diode and transistors
2., Unipolar--MOSEET and JFET device

HYBRID--One method of IC fabrication

* ]

1. Thick film--Components™are approximately 100 times thicker than
thin film {Transparency 3)

v

2. Thin fiim--Compohenié are a few angstroms thick {Angstrom unit,®

A°=108"cm)
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\INFORMATION SHEET .
/ .

. % (I .

[l Advantages and disadyantages of integrated circuits.

[
Y

A. Advagtages
1. Small size .
é. Low cost

3. High reliability

B. Disadvantages ‘-

e

1. Limited to low voltage ;pplic;ét*i;r:;— ~

2.“Limit¢d}fo low power applications

3. Lin;ited component selectior: . X N .
IV,.r Crnlaracteristics-van‘d A, fc‘>rmulas for inverting and noninverting o'plerational.ampfi-

fiers .
{

‘A Invenfqg amplifier (Transparency 4)

1. Output is 180° out of phase with the input

2 a R
\") R1

'B.  Noninverting amplifier (Transparency.4)
1. Input is in phase with the output

2. . Ry+R
- Av=—b—2
Ry -
V.  Characteristics and Vout formulas for .DC summing inverting émplifier and
differential amplifiers :

A. DC summing inverting amplifiers (Transparency 5)

1. Output is the'sum of the input voltages with a 180° phase shift .

¥
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- ‘ o ‘ ' INFORMATION SHEET -

- B. Differentiavl amplifiers (Transparency 6). ' .
\ rl . N

& .o
. 1. Output is & function of the difference between the two, input signals
2 20y R . - oo .
1] x . - 2 . - - ¢ "
ot s . - out —1— (V2' V1)' R1 '3;83, R2 '~R4

- L4
)
’ ’
L3 * - .
L] © s N
+
- »
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. .
~ - L »
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. - Categories of Integrated Circuits-

6, .

PR

5

Integrated Circuits

W -
'y . .
h .r
.
.

Monolithic

&

—s

T

' Hybrid Circuits

) L

- r -Bipolar - [ | Unipolar

[ Thin Film |-

Thick Film

U2
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Monolithic Integrated Circuit
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- Inverting and Noninverting Amplifiers -

Ry
' | Ve <Ay V
Ry +V Op,V !
| o [y e
Ry

Vy=Signal in Signal out

1 i
. 3
l | - oV l

@® Inverting DC Amplifier -
o R

Signal out

o  R+Ry —
M VgAY
o Noninverting DC Amplifier

Q. ‘ 200 ~ ™4
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DC Summing Inverting Amplifier

R \ :

_ i,V V3
VOU’['x"Rl"(R1 RZ Rs

"

207

TM5
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Differential DC Ampiifier




' OPERATIONAL AMPLIFIERS
' UNIT VIII
[ ) ' 13
. ASSIGNI)VIENT SHEET #1--CALCULATE THE CLOSED-LOOP GAIN FOR

N AN INVERTING AND A NONINVERTING AMPLIFIER

) A. Invertingamplifier . R .
> . ™~
1. For the schematic shown below, calculate the closed-loop gain given{-R1
. =10K an‘d’R2 ="100K AN

2. Calculate V, for part 1 above given Vin =+ 5 volts.

’ . . B. Noninverting amplifier

1. For the schematic shown below, calculate the closed-loop gain given R1
="5K and R,=10K )

2. Calculate'V;, for part 1 above given V, =+ 10 volts.

-

203




OPERATIONAL AMPLIFIERS
UNIT VIII g

ASSIGNMENT SHEET #2--CALCULATE THE OUTPUT VOLTAGE
OF A DC SUMMING INVERTING AMPLIFIER

A. For the schematic shown below, R1 = 10K, R2 = 5K, R3 = 10K, R4 = 10K

Calculate Vo

B. Repeat part A above if R4 is 100K .
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o
) OPERATIONAL AMPLI*IERS
UNIT VI -
ANSWERS TO ASSIGI\EMENT SHEETS
Assignment Sheet #1
A. Inverting amplifier
o -Raa 00K =-10 v
AT R, TTOK
* 2 A =._V_°..
v “Vin
' Vo= (A:‘V)(Vin) = (-10) (5) = -50 Volts.
B. Noninverting amplifier
) 1. A&=R1+R2=1+E_2_ |
SR v R R
L€ = 1 1
10K
= —_—=14+9=
1+ ER 1+2=3 - )
@ oy Yo
: Vo Vin
Vv
o_10
=—=-—=333 Vol
Vi TR, 3 333‘ots
Assignment Sheet #2
A. —-1{V4} R (V,) R (Vo) R ’
Vo=| Vil Ba Vo Ry Vg _5_:,
T Ry . Rg \
v [ 10k, @ 10¢, (1) 10K
Y B 10K 5K 10K
V_=(5+4+1)=-10 Volts. ' -
\\\ o . b\
B. V,.-.[(5) 100K , (2) 100K . (1) 100K
\ TOK K T0K

\- =. (50 + 40 + 10)

\\= - 100 Volts
\

o N
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‘OPERATIONAL AMPLIFIERS
. UNIT VIII

JOB SHEET #1-CONSTRUCT AND TEST AN INVERTING AMPLIFIER

PN

I.  Tools and equipment ‘ '\\<
OP AMP type LM741 or equivalent ~
470K resistor 1/4 watt

47K resistor 1/4 watt

A

B

€

D. . 22K resistor 1/4 watt

E l 1:5 VOJt DC power supply or dual tracking DC supply
F. Variable DC power supply
G. Proto-board or equipment to connect an-integrated-circuit
H.  Multimeter

1. Procedure

A. Connect the following circuit

(NOTE: Review the data sheet for pin connection for the operational
amplifier.) ‘ -

AAAA —— Offset Null 1T < 8JNC
Inverting input 2 > 74+ Vce 5
Nenihverting
. Input 3 6— Output
Vi=ty=— 2-2K_(\... .- = Vce 4} . 5 Offset Null
-L , ’ 741

Calculate the voltage gain

B
C.  Calculate the output voltage across the 2.2K ohm load resistor _
D. Applya1volt DC to the'input resistor R1

E

Turn on the power supply ( 15V) to the operational amplifier

(NOTE: Most operational amplifiers require a power supply that has a +
and a minus voltage with reference to a common point [ground] .)

~

212
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JOB SHEET #1

-

Measure.and record the output voltage and the input voltage

(NOTE: Be sure to observe the polarity of the output voltage as compared to

the input voltage.)

Using the measured values calculate the.voltage gain; Ay = Vout!Vin

Coémpare the measured gain value (step G) with’ the calculated gain value

(step B)

Check. your calculations with your instructor

Data Table

Av Vout Vin Vout Av %
Calculated. Calculated Measured Measured Measured Diff
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QPERATIONAL AMP LIFIERS
UNIT V

-

JOB SHEET #2--CONSTRUCT AND: TEST A NONIN,VEhTIJVG AMPLIFIER

Tools and equipment

A
B
C
D.
E
F
G
H

OP AMP type LM741 or equivalent
476K resistor 1/4 watty

47K resistor 1/4 watt

2.2K resistor 1/4 watt .

+ 15 volt DC power supply or dual tracking DC supply

N
~

Variable DC power supply’
Proto-board or equipment to connect an integrated circuit

Multimeter . v -

Procedure

A. Connect the following circuit for a noninverting&DC amplifier.

.
B
.

¢
D.
E
F

“

.

(Caution: Do not turn on power &t this timé.) .

\

Calculate the voltage gain

Calculate the output voltage .

Apply 1 volt DC to the noninverting input (pin 3)
Turn on the + 15 volt power supply :

Measure and record the output voltage and the input voltage

INOTE: Observe the polanty of the output voltage as compared to the
_input voltage.) ] -

»

a
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JOB SHEET #2 -
- ‘ >
G. Using the measured values calculate the voltage gain, A, =V, ./ Vi,
H. Compare the measured gain value (step G) with calculated gain value {step B)
I.  Chéck your calculations with-your instructor 8 .
Data Table - .
Av Vout Vin Vout Ay ' %
Calculated Calculated Measured Measured Measured Diff
. - °
) \
i
§
N
- ' v
. ~
>
) 1




%

Tools and equment

A. OP AMP type LM741 or equivalent = ' -~ _. .
B. 470K resistor 1/4 watt ~ ° N
C. 3-47Kresistors 1/4 watt ‘
. » '
D. +2.2K resistor 1/4 watt -
) " e . . ] - 5 » .
E. + 15V DC powgr supply or equivalent * ° .
F. Variable DC power sﬁpply L v
G. «Rroto- board or equipment to connect an lntegrated circuit + ) .
H Multlmeter ) *
Procedure ‘ 5 : ) ' 2 )
* 'A.  Connect the foIIownng circuit for a DC summing mvertmg amp‘hfner .
(CAUTION: Do not turn on the power at this tlme ) ' B
o - R . R42470K
V4=.5v OF—=—AAAA—
Rz ’
V=2V O——AAAA— :
B ' R3‘ I . .
V3=3v O AV : '
R1=Ry=Rg=47k . Q27K Veout | .
N ! - . M I . 1
B. - Calculate the output voltage Ot . ’ v
C. Apply 0 5V to input V1, 0 2V to-input V2, 0. 3 \Y to inpyt V3 . )
» . 'y *
(NOTE It may be. necessary to build: a voltage dlwder to achieve these
input voltages.) . R . \./
D.- Tdrn on the +15 volt power supply Y C o .
» - - T o o ”

-

-t . * BE'l - 26]
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OPERATIONALAMPLIFIERS '+ K
: UNIT VIIT . - « L

a
[y

JOB SHEET #3- CONoTRUCT AND TEST.A DC SUMMING
INVERTING AMPLIFIER :

. %
~ 5 .
’ ~ \
.

v




JOB SHEET #3

. .E. Measure and record the output voltage andthe input voltage
(NOTE: Obsérve the polarity of the output voltage as compared- to the
input voltage. ) " o
F. Compare the outpufuvoltage measured to the output voltage calculated
G. Compute the outbut voltage if R1 =Ry = R3 = 470K ohm resistance
H. Compute the output voltage if R, = 4.7K ohm, R = K3K ohm, and R
1 2 o5 3"
] 6.8K ohm
. Cﬁeck your calc_ulations with your instructor 7
Data Table
Vout " Vin Vout - % Vout 470K | - Voutg 7k
. Measured ° Measured Diff Calculated Calculated

Calculated”

-
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OPERATIONAL AMPLIFIERS
UNIT VIII . .

L

JOB SHEET #4-CONSTRUCT AND TEST A DIFFERENTIAL AMPLIFIER

. Taools and equipment

OP AMP type LM741 or equivalent
2-470K resistors

2-47K resistors

+ 15 volt power supplv or dual tracking

A

B

C .

D. i:2.2K resistor ’ p
E

F. 2-DC power supplies (variable)

G

Proto-board.or equipment to connect an integrated circuit

1. Procedure
-

A. Connect-the following circuit for a differential DC amplifier

(CAUTION: Do not apply power at this time.)

R1 = 47K . Ry = 470K .
~N\N—F NNVNN——
R -+ Vce
V1 = +1.0 Volt +15V
o—_
? ] 2.2K . Vout - .
) -15V :
V2 = +1.5 Volt i . — Vgc .
R3 = 47K R4 = 470K - - ‘
B. Calculate the output voltage, Vout — N

»

C. Apply 1.0 volts at V4 and 1.5 volts at Vv,

(NOTE: Ydu may use two separate power supplies to obtain these inputs.)

D. Turnon the + 15 volt power supply

E. Measure and record the output voltage and the input voltages

F. Compare the output voltage measured to the output voltage calculated

218
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i JOB SHEET #4

Adjust V, to 1 volt and measure the output voltage

G.

(NOTE: The output voltage should be very small.)
H. Calculate the common mode-gain by the following formula:

A.. = Youtor Vout .
- R C v1 v2 -

{NOTE: Use values from part G for the above calculation.)

I Calculate the difference mode gain by the following formula:
V out ’
A =
Va¥y )
(NOTE: Use values from part E for the above calculation.)
- J. . Check your calculations with your instructor
Data Table ’
Vout " 1A
. C
" Measured . Y Y Vou -~ Vout
1 - 2 out d
“Vp=1.0v Measured Measured Calculated I\ﬁeasu;e
V.= V.= 1.0V
V, = 1.5V ) 12

2139
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OPERATIONAL AMPLIFIERS
UNIT VIII

NAME

TEST

1. Match terms on the right with-their correct defintions.

a. A complete electronic circuit this-is fabricated 1. Linear IC
on asingle chip of silicon . o
. 2. Monolithic
b, A solidstate, integrated circuit amplifier device
that uses-external feedback to-control its gain .
g 3. Hybrid
c. A cIassnflcatlon of integrated circuits used for device
analog amplification purposes 4. Integrated circuit
_d. A classification of integrated circuits used-for 5. Closed-loop -
switching purposes operation .

. _.e A complete circuit including active and~ 6. Opera%jal

passive devices and all interconnections ampli ,
fabricated upon a single piece of silicon crystal )
: i 7. Digital IC
material ' , grtal |
_f. A device.which is-made by mounting separate 8. Open-loop

operation
components onto a -substrate of insulating P -
material-such as glass or ceramic-

g. An application of an: operational amplifier
circuit that-uses no external-feedback

h. An applfcation of an operational amplifier
circuit that uses external feedback

-

2. Complete the following dlagram to show the categorles and subdivisions of inte-
grated circuits.

- Integrated Circuits -]




3. Distinguish between the advantages and disadvantages of integrated circuits by placmg B
an "A" beside advantages-and'a D" beside disadvantages. A ‘,

A Small size-
_.) Limited to low voltage appllcatlons A - -

c. Low cost

d. Limited to low-power applications . -@

e. High reliability

f. Limited component selection

4, Match inverting and noninverting operational amplifiers with their characteristics
and Av formulas.

a. Output is 180° out of phase with the in- 1. Inverting
put : . amplifier . . .

~b. Inputis in phase with the output . 2. Noninverting
- . amplifier -
[
TS
) R1 R

9 aAv=R1*Ry ! - ’ ‘

R‘] . 3

5. Match DC summing inverting and dlfferentlal amplifiers with their characteristics
and Vout fornulas.

<

a. Output is the sum of the input voltages 1. DC summing

. with a 180° phase shift . inverting
amplifier

b. Output is a \fi,xnction of the difference be-

tween the two input signals ‘ 2. Differential
amplifier

\Ry +By+Ry/ )
d. Vout = Ry (v1-v2),- Ry = Rqi Ry = R,
R4

6. Calculate the closed-loop gain for an inverting and a noninverting amplifier.

7. Calcilate the output voltage ofaDC summing inverting amplifier.
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‘ 8. Demonstrate-the ability to:. ,

a. Construct and test an inverting amplifier.

-

b. Construct and test-a noninverting amplifier. \ .

¢. " Construct.and test a DC summing -invertingémplifier.

d. Construct and-test a differential amplfier.

(NOTE: If these activities have not been accomplished prior to the test, ask your
instructor when they should be completed.)
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OPERATIONAL AMPLIFIERS

UNIT VI
ANSWERS.TO TEST
1. a. 4 e. 2
b. 6 f. 3
I4 c 1. gk,_8 __ o
cd. 7 h. 5
2. a.  Monolithic d.  Hybrid circuits T
b. Bipolar e.  Thick film
c.. “Unipolar - f. Thinfilm T T
-3, a A
b. D
C. A .
d D
e. A 3 2.
f. D
4 a 1
- b -2+ - -
c. 1 ) B
d 2 .
5. a. 1
b. 2
c. 1
d. 2

6. Evaluated to the satisfaction of the instructor
7. Evaluated to the,satisfactio‘n of the instructor

8. Performance skills evaluated-to-the satisfaction.of the instructor

O
i
Cu
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' LOGIC DEVICES y
‘ . UNITIX ) ,
UNIT OBJECTIVE

After completion of this unit, the student should be able to identify the schematic symbols
for logic devices, complete truth tables for the most common logic devices, and construct
and test various IC and discrete logic gate circuits. This knowledge- will be_evidenced by
correctly performing the procedures outlined in the job sheets and.by scoring 85 percent-on
the unit test. ’

— - T "SPECI F‘IC‘OB:JE:CTIVE_S'"'“‘ T

After completion of this.unit, the student should be able to:
1. Match terms related to*logic devices with their correct definitions.

2. Identify the schematic symbols for AND gates, OR gates, NAND gates, NOR
gates, Exclusive-OR gates, and NOT gates. -

" Complete truth tables for the-most common logic devices.
Demonstrate the ability to:
a. kanstruct and testan IC "AND" gate circuit.

b.  Construct and test an IC "OR" gate circuit.

i C. anstruct and testan IC "NAND" gate circuit.

d. Construct and test an IC "Exclusive-OR" gate circuit.

e.  Construct-and test a diode "AND" gate circuit.

f.  Construct and test a diode-transistor "NOR" gate circuit.

£

s

W
L




‘ LOGIC DEVICES -
) UNIT IX

'SUGGESTED ACTIVITIES

l. Provide student with objective sheet.
. Provide student with information,ang job sheets.

A1, Make transpariencies.

IV.  Discuss unit and specific objectives. )
V. Discuss information sheet,
AR Demonstrate and discuss the procedures outlined in theiob sheet;.
" VI Give test.

INSTRUCTIONAL MATERIALS

~

I fncluded in this unit
A. Obijective sheet
B. Information sheet
C. Transparency masters )
)1. TM 1--AND and OR Gate Symbols and Truth Tables
2. TM 2-NAND-and NGR Gate Symbols and Truth Tables

3. TM 3-INVERTERS and EXCLUSIVE-OR Gate Symbols and Truth
Tables o -

D. Job sheets i
« 1. Job Sheet #1--Construct a;d Test an IC "AND" Gat!e Circuit
2. Job Sheet #2--Construct and Testan IC."OR" Gate Circuit
3. Job Sheet #3-Construct and Test an IC "NAND" Gate Circuit

4. Job Sheet #4--Construct and Test an IC "Exclusive-OR™ Gate Cir-
. cuit

[$))]

. Job Sheet #5--Construct and"Test a Diode "AND" Gate Circuit

»

. Job Sheet #6--Construct and Test a Diode-Transistor. "NOR" Gate
Circuit .
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LOGIC DEVICES
UNIT IX , - ,

INFORMATION SHEET -
S 3 : ' :
.

1. Terhs and definitions

A. Dlgltal circuits--Circuits that produce disfontinuous signals at the output
terminals .

ey
@

» ‘ B. Truth table--Summarizes the various combinations of |nput and corre-
~ sponding output signals for logic gates

‘C. High logic level--Usually considered a-high voltage for positive logic and
symbolized:by a "1 "

( D. Low logic level--Usually considered a low voltage for positive |OgIC and
symbolized by a "O" - :

E. AND gate--Gives a logic output (1) oniy if all inputs are-logic (1

F. OR Gate--Gives a high level output (1) when any one or more mputs are
high (1)

-~

G. Inverter--Chanrges the output logic level to the opposite logic level of the
. input; also caIIed a NOT

H. NAND gate--An AND gate foIIowed by an inverter; also caIIed aNOT-AND
gate

. NOR gate--An OR gate fdllowed by an inverter; also called a NOT-OR
gate

J. TTL (Transistor-transistor logic)~-A means of fabricating an extremely
fast operating gate by using a multiemitter transistor

K. MSI (medium-scale integratiori)--A digital device which contains from
127to 100 individual basic logic gates

L. LSI (large-scale integration)--A digital device that contains 100 or more
individual logic gates:

M. Exclusive-OR gate--Gives a high level output when one and only one input is
at a high level

N. DTL (diode transistor logic)--A means of fabricating.an operating- Ioglc gate
using dlodes and transistors ]

. 227




INFORMATION SHEET

[

-t . 1l.  Schematic symbols »

s A. AND gate (Transparency 1)

1. Symbol-- A TN
. B ——— . -
C —— Y

. ‘ 2. Output Y = ABC .

(NOTE: ABC refers to A and B and C)

. ~ B. ORgate (Transparenqilﬂ >

3

2. OutputY=A+B+C

e

(NOTE: A+ B+ C refersto A or BorC)

C. NOT gate (inverter) (Transparency 3)

1. Symbol-- : o
) A_%

2. Output Y=A
(NOTE: A-fefers to A inverted) 7 .
. D. NAND gate (Transparén’c“y 2) ,
T Symbol- {B\:_\ ‘
" X

2. Qutput' Y= ABC

: &
- E.  NOR gate (Transparency 2)

L
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“ ‘ ) _ " INFORMATIONSHEET -

-

F. -Exclusive-OR gate (Trznsparency 3)

.,

te ) 2. Output Y =AB + AB : . o
- [1l. - Truth tables . . )

A. AND gate (Transparer)cy 1) . . :

-

-
.

[ . .

—~|oMz|o|o

o

"~

B. -OR gate (Transparency 1) .

~“|lolo|lo|lo|lo|olto]| <
x

—“|=l=]l=lOjololOo|'>
“|=]|o]o]|~|=|C|lo|w
T

~lo|=]o

—~|loj=]|ola]

==l =lo O‘ olo|>»
~|~lo]lo|=]=]olo|®
I YN ™ N

e = =]

3 * [y

- N C. . NOT gate (Transparency 3) “

AlY

)

RIC. T

%

|

h
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P 7 i N Y .
D.  NAND gate (Transparency 2) - o ,
L S Alslcly|
' 0f{o]ol1 '
- » R
olof1}1].
{of1fofr e
oj11}1
1]ofof1 R
1]of1]1 .
» AX110]1
. 1{1]1]o A .
. 2
_ A
E. \ NOR gate (Transparency 2)
. -
Alslc]y|
B ‘ofojo] *
oo 1]o0 .
P o[1]o]o
of{1'{1]o0 . *
' . 1fojojo| - s .
) o [# . X
. 1]1}o]o .
, 1{1f1]0 ¢ "
. L.
) .
F. Exclusive-OR gate (Transparency 3) °
o‘ t '
AlBlY .
"-lolofo .
v ¥
° o] 1]1
.S . 110]1]- h
N \ ti1lo
4
roo
. [ 3
t
= - -
Tog s T . '
: 23)
- _ )
'—'*—W * == s xi e
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f. :f,;ANDiand OR Gate Smbok

ABIC]Y
)[0/0
1 :
0
1
0
1
0
1

L.
" AND Gate
- TAIBIClY]

- and Truth Tables
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. LOGIC DEVICES . )
UNIT I1X ‘

JOB SHEET #1--CONSTRUCT AND TEST AN IC "AND" GATE-CIRCUIT

<L Tools and equipment

A. SN74ﬁ triple 3-input positive-AND gates
B. 3 SPDT switches ° , )

DC power supply (+5-Volt)

Cc
-D.  Multimeter

E. Proto-board_ or equipment system for connecting ICs

F. LEDanda 470 ohm resistor (optional)

M. Procedure

A. Wire the following logic AND gaté circuit

“(NOTE: ’Thi’ﬁ“dévit:é’, 741'1’,‘t:6ﬁtéiﬁ's"th‘feé AND gaté"s'oh one chip, but — —— -
only one.of the gates will be tested.) ’

_ Top View R
——— ’VCC +5V VCC 1C 1Y 3¢ 38 3A a3y
e a . ) 1] _hal [z 7_11 iopo}.s].

'||'°1~o-——SW2 B s , I =
.”_oo.,oi—‘—1 - 122 — outPuT=Y
SW3 Y Y=ABC -
_--o N 2 2 7 ) . - tr
'"‘O _J_GND . 1M2MHsH4Hs As 7
— 7411 AND GATE 1A' 1B 2A 2B 2C 2v. GND

B.  Chéck with your multimeter to be sure switches are as shown in the above
diagram, ’

(NOTE: The .switches may be replaced by simply connecting_the inputs to
+5 volts or ground.) < .

C. Connect the multimeter to the output of the gate

(N'OTE: A visual output incjication may be made by placing an LED and a

series resistor [approximately 470 ohms] from the output to ground. The
diodes cathodé must be connected to ground.) .

> . - N

234
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JOB-SHEET #1 "

P

D. Complete the following truth table by switching the three input sWitches
into afl possible combinations and recording whether the output is a "1"
-{high voltage) or a "0" {low voltage)

SW-1 SW-2 - SW-3 Y

Input A Input B Input C ~ QOutput
S0 . . 0 0 !
1 1 1
E. Compare the output results with the trqtﬁ(iablé givenon TM 1 ,

F. Check your results with your. instructor
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;
LOGIC DEVICES.
UNIT I1X

JOB SHEET #2--CONSTRUCT AND TEST AN IC "OR" GATE CIRCUIT

Tools a;1d equipment
A. . SN7432 Quadruple 2-input positive-OR gates
~.B.. 2-SPDT switches ) :
C. DC power supply
D. Multimeter
E. Pfoto-board or equipment sy:stem forfconne(%:ting ICs
F. LED-and a 470 ohm resistc‘:r (optional)
Procedure
A. Wire the followi;1g logic OR-gate ci‘rcuit

(NOTE: This device, 7432, contains four OR gates on one chip but only
one of the gates will be tested.) :

Top View
VCC 4B 4A 4Y 3B 3A . 3Y
14[:113] {12] {11] |10] {9 | 8

Y OUTPUT ’
Y‘=1"\+B i _-|E

7432 ORGATE  [1FL2F[SFLeFsFEFF
1A 1B 1Y 2A 2B 2Y GND*

Check with-your multimeter to be sure switches are as:shown in the above
diagram. - o ’

Connect the multimetér (DC volts) to the output of the gate~
(NOTE: A visual output indication may be made by placing an LED and a

series resistor [approximately 470 ohms] fram the output to ground. The
diodes cathode must be connected to ground.).

23 5




~ JOBSHEET #2

Complete the following. truth table by switching the two input switches
into all possible combinations and record whether the output is a "1"
(high voltage) or a "0" {low voltage)

SW-1 . ) SW-2
Input A Input B

0

t ,
.. Compare the output results with the truth-table giverion TM 1

] R
-Check-your.results with your instructor

<
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LOGIC DEVICES
UNIT IX

-

JOB SHEET #3--CONSTRUCT AND TEST AN IC "NAND" GATE CIRCUIT

I Tools and equipment

A. SN7400 Quadruple 2-input Positive-NAND gates
B. 2 SPDT switches '
C. DC power supply
D. Multimeter ‘
E. Proto-board or equipment system for connecting ICs
F. LED anda 470 ohm resistor {optional)
: Il.  Procedure & *
' A. Wirethe following Iogic-NAND gate circuit
‘ (NOTE: Only one of the four gates on the ch|p will be tested. This device,
SN7400, contains four NAND gates on one chlp but onIy one of the gates
will be tested ) .
: Vee #5V Top View
=<0 A | 'VeC 48 4A 4v 38 3A 3v
v /K—" 14| J13]_[12] 11} f10] |9
S Pswr [
= _ Y OUTPUT
—0 ’ B Y=AB T

1121131141576 7

7400NAND GATE IR 0 S s -

+

B. Check with your multimeter to be sure switches are as shown in the above
diagram - .

C.  Connect the multimeter to the output of the gate \

(NOTE: A visual output indication may be made by placing an LED and a
v series resistor [approximately 470 ohms] from the output to ground. The
diodes cathode must be connected to ground.)




290

JOB SHEET #3

i

D. Complete the following truth table by switching the two input switches
into all possible combinations and recording whether the output is a "1"
(high voltage) or a "O" (low voltage) . ‘

: T SW-1 SW-2 Y

Input A InputB QOutput
0 .0
!
1 1

Fd

E.  Compare the output results wth the truth-table given on TM 2

. F.  Check your results with your instructor




JOB SHEET #4-‘CONST,RUCT AND TEST AN IC "EXCLUSIVE-OR" GATE CIRCUIT *
~« I. - Toolsand equipment ‘
A. SN7485 Quadruple 2-input Exclusive-OR gate

BEII1201 .

LOGIC DEVICES
UNITIX -

N
A

B. 2-SPDT switches <
C. DC power-supply
D. Multimeter
E. Protp;gogrd or equipment system for connectiné ICs
F.  LED anda 470 ohm resistor (optional) .
I1. Procedure y -
‘ A.

Wire the foIIowing"Iogig exclusive OR gate circuit

. (NOTE: This device, SN7485, contains four Exclusive-OR gates on'one chip,

but only one of the gates will be tested.) , -

-

. VCC 4A 48 4y 3A 38 3Y «

Lo*

14} {13! 112] {11] 10| 9| | 8] -

OY OUTPUT | -

£ Y=AB+AEB : m >

11213 4f1sfefiz
— 7486 EXCLUSIVE -OR GATE A 1B 1Y 2A 2B 2Y GND

Check with your multimeter to be sure switches are as shown in the above
- A

"diagram, :

Connect the multimeter to the output of the gate ‘ - "
(NOTE: A visual output indication may be made by placing an LED and a

series resistor [approkjg,\ately 470 ohms] from the output to ground. The
diodes cathode must be connected to ground.)

. 24D
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JOB SHEET #4

D. Complete the following truth table by switching the two- inputs into all
possible combinations and recording whether the output is a "1" (high

voltage)-or a "0" (low voltage) -
\ SW-1 SW-2 Y
Input A . lnputB QOutput

0 - 0

T

E. Compare the output results with the truthrtéble givenon TM 3
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LOGIC DEVICES
UNIT IX

JOB SHEET #5-CONSTRUCT AND TEST A DIODE "AND" GATE CIRCUIT

3

I Tools and equipment . - .
\ .
A 3 Sl||COﬂ dlodes (any avallable type)

-

B. 3-SPDT sw1tches

C. .-1-1000 ohmResistor 1/21-w'att\

D. DC powér stip'ply (+5 Volts)

E. Muktimeter ' ‘ :
Il.  Procedure

A.  Wirethe following AND gate circuit

+5Vo— t_o SWI

B. Check your multimeter to be sure the switches are shown as the abové °
schematlc . )

(NOTE: Check to see that the polarity 6f the dlodes are as shown.)

x

C. ‘gonnect the multimeter fo the output of the gate

-

(NOTE: A visual output indication may be made by placmg an LED and a
series -resistor [approxlmately 470 ohms) from the output to ground, The
diodes cathode must be connected to ground.)

-

N . ¢




JOB'SHEET #5 ‘ S ‘

-

D.” Complete th‘e'following trugh table by switching the three switches into alf
possible combinations and recording whether the output is a "1" (high
. . voltage)-ora."0" (low voltage)

.- SW-1 SW-2° /, SW3  Output S

n
-

E. Check your results with your instructor

- R ¢

»
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LOGIC DEVICES -
- UNIT IX
\
JOB‘*SHEET #6- CONSTR UCT AND TEST A DIODE-TRANSISTOR
"NOR" GATE CIRCUIT .

%

Tools an‘c{ eqoipment -
A 1- NPN Transistor (2N3568 or equwalent)
B. 2 schoQ diodes (any available type)
3-1000 ohm resistors, 1/2W
1-10K ohm resnstor 172W
2-SPDT Switches
Multimeter
DC power supply
Procedure -

o

A.  Wire the following NOR gate

2N3568

Check to be sure both SW|tches are in the posmon shown in the schema-
tic. L

4 -
Set the multimeter to the correct DC voltage scale and connect it across the
transistor output

Note:the reading on the multimeter with both inputs "0"

4.
Change SWI to ‘the upper position that connect to + BV; this is the "1"
position‘of SW1 .

4
*

'I},lote the multimeter reading
s .

=
/




JOB SHEET #6

G. Change SW2 to the "1" position and note the multimeter reading
- "H -Change SW1 to the "0" position and-note-the output

I.  Change SW2'to the "0" position and-note the output'

. Complete the following truth table as-indicated b? <he multimeter output,
high or low (assume 3.5V or above is logic one and 0.4 or below is logi

zero) 1nput L Output
Ty .

Sw-1 Sw-2 o | )
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" : " LOGIC DEVICES
| ‘ UNIT IX

NAME

“\

) TEST

1. Match terms on the right with their corféct definitions.

a. Gives a hlgh level output when any one 1. Digital

or-more inputs are hlgh circuits
__b. An. AND gate followed by an inverter; also =~ 2. Truth
- called a NOT-AND gate . table
_ _c Circuits that produce discontinuous signals 3. AND gate
- atthe output terrmnals 4. OR gate -
] d. A digital device that contains 100 or more 5. Inverter
individual logic gates  ~
~ . v 6. High legic
e A means of fabricating an extremely fast . level
"~ 7 operating .gate by using a-multimeter transis- )
tor 7. Low logic
. level
‘ ; -f. An OR gate followed by an inverter; also ‘oo
' . caIIed a NOT-OR.gate _ 8. NAND gate '
g. Summarlzes the various combinations of 9. NOR gate ‘
. input -and corresponding output signals 10. TTL !
. : for logic gates - \ "
o 1. MSI <
h. Usually considered a-high voltage for positive o /
logic and symbolizedbya™1" 12 LS| {f
. . | . . |
i. Gives a logic output only if all inputs are logic 13.  Exclusive- :
— ) \ OR gate !
j. A digital device which contains from 12 14. DTL /
I to 100 individual basic logic gates : : (z‘
k. Gives a high level output when one and
. onlyoneinput isata high level
I. A means of fabricating an operéting logic
gate using diodes and transistors
- . It
. _m. Changes the output logic level to thé opposite
logic level of- the input; also-called a NOT
. I
. N, Usually consndered a low voltage for: posmve
. " logic and symbolized by a "0"
’{,
24




-~ 2. ldentify the schematic symbols for ANIj gates, OR gates, NAND gates, NOR gates,
Exclusive-OR gates, and NOT gates in the-illustrations that follow. .

~ A+B+C=Y

a. Gate b. — Gate

A
A+B+C=yY B ABC=Y
c
¢. - Gate . d. Gate
Y=AB+AB - . ' -
B A A=Y
e. - “ Gate ‘ f. —  Gate

3. Complete truth tables for the most common logic devices listed below.

a. AND gate--

“|=|=l=|o|oloje|¥
| = OO | = |lw|lojO|w
—lo|l~jo|=|ol=|olo




o)
=]
~
L
m

0]

| AlBjc|y

OR gate--

NOT gate--

C.

AlBlcly

NAND gate--

d.

AlBIClY

NOR gate--

e.

Exclusive-OR gate--

f.

B

\
IC.

O
L




4, Demonstrate the ability to: ' - ‘
a.‘ -Construct anc\i test an IC "AND";gate cifcuit.
b. Construct and test an IC "OR" gate circuit. . .
c. Constructand test én IC "NAND" gate circuit.
d.  Constructand test an IC "Exclusive-OR" gaté circuit.
e. Construct and test an diode "AI\~ID'" gate circuit.
f.  Construct and test-a diode-transistor "NOR" gate circuit.

{NOTE: If these activities have not been accomplished prior to.the test, ask your N
instructor when they should-be.completed.) ’
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LOGIC DEVICES
UNIT IX

-

ANSWERS TO TEST

1. a. 4 .09 k. 13 ‘
b. 8 g 2 . 14 }
c. 1 h. 6 m 5 /
d 12 i. 3 n. 7 /
e. 10 . 1 :
2. a. NAND Gate d. AND Gate ‘ /
b. ORGate e. Exclusive-OR Gate - /
- c. NORGate —— - -f.—-~-NOT-Gate — - - ]
/
3. a. AND gate b. ORgate c. NOT gate
. ‘ ' j u
/ Als|cly Als|c|y - AlY
ofolofo] ofolofo] o1
ojoj1]o ojof1 ir - 110
of1]o|0 o701 /
ol1{1]o o111 / -
1|ofo]o]| 1folol1 , '
T1]o]1to 1jo]1]1
1]1]o]o 1r11fo]
REERERE INRARRE '/z‘

d. NAND gate e. NOR gate f.  Exclusive:Or gate
alsfcly Alslcly alsly

., lofofoj1 ofojoji ofojo
olof1]1 ofof1fo of1]1
of1]o]1 of1]o]o 1{o]1

S NIRERER ofj111}o0 1]1]o0
1{ofol 1]ofo]o
1{o]1]1 1]of1]o0
1f1]o] t{1lo]o
11|10 11{1]o}

4. Performance skills evaluated to the satisfaction of the instructor

25)
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' - i 1OGIC SYSTEMS
‘ ‘ UNIT X
UNIT OBJECTIVE

After completion of this unit, the student should be able to write the binary equivalent of

., decimal numbers, add numbers-expressed in binary digits, and complete a truth table for a
- half-adder. The student should also be able to identify multivibrators, and construct-and test

+  a four-bit shift register. This knowledge will:.be evidenced- by correctly performing the
procedures outlined in the assignment and job sheets and by scoring 85 percent on the unit

test. ’

SPECIFIC OBJECTIVES

After completion of this unit, the student should be able to:

1. Match terms-related to logic systems with their correct definitions.

2. Convert a sequence of binary numbers to decimal numbers. -/ .
3. Add binary numbers. T
. . 4. -Complete a truth table for a half-adder.

5. Identify multivibrators given their input and output signal waveforms.
6. Convert decimal-numbers to their equivalent BCD.

7. Add numbers expressed in-binary digits.

8. Demonstrate thetability to construct and test a four-bit shift register.
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LOGIC SYSTEMS
UNIT X )

SUGGESTED ACTIVITIES

l. .. Provide student with objective sheet. .

. Provide student with information, -assignment, and job sheets. ) 1

’ " .
1. Make transparencies.

V. Discuss unit and specific objectives.
T V. Discuss information and assignment sheets. o
VI, Demonstrate and discuss the procedures outlined in the job sheet.

" .

VH. Give test.

INSTRUCTIONAL MATERIALS

-

-

I Included in this unit:

. A. Objective sheet.

B. Information sheet

’

C. Transparency masters

o0 . 1. TM 1~-Binary to Decimal Conversions

2. TM 2-Binary Addition : ’ - >

3. TM 3--Half-Adder Logic

4 T™M 4--Mu|}ivibrators

5. TM 5--Binary Coded Decimals

D. -Assignment Sheet #1--Add Numbers Expressed in Binary Digits

. \
E. Answers to assignment sheet |
. \

"F. Job Sheet #1--Construct and Test a Four-Bt”E} Shift Register

G. Test \

H. Answers to test




306- .
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LOGIC SYSTEMS .
e UNIT X : -

INFORMATION SHEET ,

I Terms and definitions

A. Binary number system -Lowest useful number system which has d|g-ts 0

and 1only . e
“B. Bit- A smgle binary d|g|t Oor1
c. Byte--8—b|ts

D. Half-adder--A combination of AND gates, OR gates, and" INVE RTERS used
to perform binary addition of two single d|g|t numbers

. E. Full-adder- A combination of two half-adders which requires the three
inputs of A, B, and the previous carry

F. Flip- flop (bistable multivibrator)--A cnrcunt that is stable in two states (0 or
1) and is used as a memory element-in-digital circuits

G. One-shot (monostable fultivibrator)--A circuit that is stable in only one
state and is used in timing and pulse-shaping circuits

v

H.  Free-running (astable multivibrator)--Provides a fixed- -frequency square wave
often. referred to as a clock

*

I - Bmary coded decimal (BCD)--A digital code where a four bit binary charac-
ter is used to represent each one digit decimal character

. J.  Discrete devices-Individual components such as transistors and diodes
(a single device)

i
. Binary to Decimal Conversions (Transparency 1) - !
2322210
A. Number places,ie., 1 0 1 1
. . ~ B. Number conversions--éinary to decimal !
M. Binary addition (Transparency 2) . ’ . .
A.  Add unit digits o i :
{




INFORMATION'SHEET
\ *
\\

B. Carry from right to left \\
Example:. To-find'the sumof 10 1
: +001,

\

\

proceed as follows:

o o\ .
1. Add unit digits starting from right column
\
\

Y
\

-t

+

1 \

- A

Y
(NOTE: This number has a carry which must be acided
to the'next column of digits to the left.).

3 - \

o

2. Add second column from right
> . \

) . \
(carry-from first column) .

>

¥, 1
0 A
5 - : + 0 \
’ 1 \
F . . \\'
(NOTE: No carry on this addition.) "
3. +Add.third column from right . \\\
. . 0 (No carry from second column) \
o 1
"
4. Total all columns and the sum of1 0 1 )
! +001 ‘
110

Truth fable for a half-adder (Transparer)c‘yf3)
A. Hasa 'sum anda carry output’
B.‘ Used for aélding two-single digit numbers
(NOTE: A carry occurs only when the inputs are both equal to 1.)

Multivibrators and their input and output signal waveforms (Transparency

4) ) ,

A.  Flip-flop--Bistable multivibrator.
13 » ~ 3

B. One-shot--Monostable multivibratoy

C. Free-running--Astable multivibrator

253

-
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INFORMATION SHEET

V. Binary Coded Decimal (BCD) numbers (Transparency 5)

A. BJCD system--Coding structure ) ,

~

B. Conversion from—de%irhal to BCD




‘ .

Binary. to Decimal Conversions

¥
23 22 21,0

A 1011=1011 —-(1x8)+(0x4)+(1x2)+(1x1)+8+0+2+1 11

2 @mwen (U

B. 1M1 =111 —(1x4)+(1x2)+(1x1) 4+2+1 =1

2 (4) 2) (1) (10)

24 23 22 21 20

C. 1011=1101 1 \—-(1x16)+(1x8)+(0x4)+(1x2)+(1x1)—16+8+0+2+1 =21




Binary Addition

Rules For Binary
Addition:

. B < 0+0=0

S " 0+1=1
' 1+0=1 -
1+1=10 -

B. _ D. - | ¢*60“A
A ' 11
Jinary - Digital B. 11 3
Ao w0 S
o+ o+ 0 WO T4
w3

(NOTE: 1+1 = 0+a carry 1)

Y
’ {14

€. 101 13 D {0110 22
£ +7 01010 = 10

C- 0, 2, 100000, 32,
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Multivibrators

—_— ' No - Input Required
| Astable _J F‘l 1

 Free- |— Output

Running

Flip- |Outpu — - Input
Flop | 1
{ Bistable

Output

| Out'put-changesﬁ wiih each
input pulse .

|One-Shot |
Mono-
Stable - -
Output Stays high fora
period of time then goes back
to its normally low state

Input

— Output

Multivibrators may be made from: either
discrete devices or integrated circuits
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Binary Coded Decimals |

BCD States

Binary Decimal Binary Decimal -
0000 0 1010 , 10 -’»
0001 1 1011 c‘gg 1 ’
0010 2 1100 '__?(b"i 12 - i
Q ) © . .
0011 = 8 3 1101 A 13
0100 38 4 1110 14
0101 < s 1111 15
- 0110 6 o
0111 7
1000 8
- 1001 - 9
| Four.bits represent eéch decimal digit
_|’ \ ) .
~7;4 decimal
om,;0100 - BCD code
3;6 decimal
\ OO11IO11O BCD code
. | '
l . .
919 . decimal
1001 :1001 , BCD code
"
s 'I . . :
3] 8l4 - decimal
0011{1000/0100 - . BCD code
263 -

T™M 5
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LOGIC SYSTEMS
UNITX

ASSIGNMENT SHEET #1--ADD NUMBERS EXPRES.SED Il\i
BINARY DIGITS )

v

-/ .
The binary equivalent for the decimal number 20 is 10100. The binary equivalent
for the decimal number 17-is 10001. Add the two binary equivalent numbers and -
check by converting.your answer in binary back to a decimal number.

v

Add the-following binary numbers:

°

A

0
-1 0 - .
10

+
+,
Sum:

3.

What is the decimal.equivalent of your answer?

Convert the decimal number 375 to equivalent BDC code.
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‘ LOGIC SYSTEMS . - .
UNIT X |
' , ' ANSWERS TO ASSIGNMENT SHEET
s T ,
A. 10100 20
+10001 - 17
1700101 37
B. 100011 35
110101 53 ]
101011 43
100000711 131 )

0111
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r

LOGIC'SYSTEMS
UNIT X

*

JOB SHEET #1--CONSTRUCT AND TEST A FOUR-BIT
SHIFT REGISTER

I Tools and equipment

A. 2-SN7473Dual J-K Flip-flops:

B. DC power supply {(+5 volts)
4-LEDs

o o

4-470 ohm resistors ’
E. Proto-board or equivalent system for connecting ICs

*F.  Function generator or means of producing a square wave pulse with 3
* single step capability

G. 1-SN7404 HEX inverter
(NOTE: This-experiment will use four flip-flops {J-K Flip-flops) to transfer

the contents of the first flip-flop (register) into a second flip-flop (register)
and so on, one bit at a time. This type of circuit is called a shift register.)

£
[

'73,'H73,'L73 1J 10 10 GND2K 2Q 2Q
FUNCTION TABLE - : a3 iz ol {e ) 8]
INPUTS | outpuTs | A T F T T F
CLEAR CLOCK J K| a a r
L X X X| L H 1] _] —
e e fag g [ITe el ffe
H L. HL| H L J LK K, J :
) H . L H| L H
5 H -M_ H H| TOGGLE M

231405801617
1CK 1 1K V5o2CK 20 2J
- CLR CLR
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JOB SHEET #1

Il.  -Procedure
A, Connect the following circuit

(NOTE: If data books are available, study + 1€ logic diagrams for the 7473
and the 704 logic chips.)

7473 7473
Most sig. bi i e |
. oSt sig. bit, I : Less sug.blt.l
Input (14 12 7 91114 : 9
Vee 14 J a Y B |
CC L 1 I 3 ) 2 | |
+5y Y | Mo 4 e : [
7 | _ f{, _ | N
il |3 a_|drecly al I
= 2 ! K __1__431—3_5“'5 K 2 8! 5t
7404 I =" I |
! \ 4 t l
S (SR O S S
O *5 [  shiftpulse (clock)
° you should be able to single
step the clock pulse ,
1 -
X3 Output indicators place
an LED and resistor on each of the flip --flops
- - X output (X3, Xizl le, )SO) . o
470
LED| Ohm
) o - -

(NOTE: The outputs of all flip-flops should be "0" before you start. If not,
momentarily ground the clear pin (2 or 6) for the output which is high. You
may want to try shifting additional -numbers through the four bit binary
shift register.

The binary number 1 0 1 1 will be shifted through the shife register one bit
at a time starting with the least significant bit (the far right bit) and movmg
from right to left.)

B. Place a logic level "1" on the input terminal by connecting the input termi-
nal to + Vcc (5v)

*

o 267




JOB SHEET #1

\
Push the shift pulse switch or clock pulse switch.one time-

Record the outputs of each flip-flop; X3, X2, X1,vX0\‘
(NOTE’ The LED should light for "1" and be off for a "0.")

The next bit to be entered is alsoa "1" (10 1 1) so push the shift pulse
switch one time

=

Record the outputs of each fliﬁ-flop .

Place a "0" on the input terminal by changing the input from + 5 volts
to ground . ) .

¥

Push the shift pulse switch

Record the outputs of each flip-flop

o H

Place a "1" on the input terminal by chariging the input from ground to
+6v {Vec) i
Push the shift pulse switch
Record the outputs of each flip-flop
A

Check your results with your instructor
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LOGIC'SYSTEMS .

NAME
=
” - TEST
N :
1. Match terms on the right to their correct definitions.
~ o _____a. 8bits ' : 1. Binary number
LT ’ system
b. A combination of two half-adders which
requires the three inputs of A, B, and the 2. Bit
previous carry . PG o
¢ 3. Byte
c. -A-circuit that is,stable:ih only-one state and is .
used in timing and- pulseshaping: circuits 4. Half-adder ’ d
- do A digital'code where a four bit binary charac- S. FuII_-adder o
) ter -is used ‘to- represent each one-digit decimal 6. Elip-flop .
* character : o e
» 7. Ome:-shot-
e. Lowest useful number system WhICh has " )
digits 0 and 1 onIy . 8. Free-running
o+~ ~ T A combination of AND gatesr OR gates, - Bindry coded
and INVERTERS used to, perform -binary decimal
+  addition.of two s:m_gle digit numbers . 10. Discrete .
. .g. -Assingle binary digit, 0-or 1 — devices
B h. -Provides a fixed-frequency square wave
often referred to as a clock .
e A circuit that is stable jn two stat%s and is
used as-a memory element in digital circuits
- “j. Individual components such. as transistors and )
. diodes
d 4
2. Convert the following sequence of binary numbers to decimal numbers.’
1 5 . B
a. 01 f. 110 > N : .
b. 10 g 1M )
et 11 . . h. 1000 B .
d. 100 ~ i, 10017 - . .
e. 101 .. 1010

~

¥




- 3. Add the-following bindry numbers.

, [ 4
100011 .
110101 : !
- 101011 )
s
- 4. Complete the following truth «table for a half-adder.
) *Input Qutput
' A ‘Br C S B . T T
o | o[ 0 o -
N IR I B o .
o 1 0
- * 1 ~ 1_ 0
5. Identify multivibrators from "Eheir input and output signal wavéforms.
v No - Input Required
1;“ . l_,, I 2 ]; l l Output
. a .
Lo ‘
) —D— Input
. T ‘ ”
v ,Output ,
b .
- _

Inpui ‘

- 1 output S




e T e : - 7
Gﬁn\(ﬁthe following decimal-numbers to their equivalent-BCD codes.

" a. 3972
b. 2874 ¢ .
3 R /
-c. 8197 o ¢ ’

/
7. Add numbers expressed in binary digits. /

" 8. Demonstrate the-ability to constru t and test a four-bit shift rgagi.}té.

(NQTE: iIf these activities have not 'Qeen"acicomplishEd prior to the test, ask your
" instructor when they should be completed:) .

-~
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~ - - . Fa o ' e o .(:,
‘ el LOGICSYSTEMS
. .- UNIT'X 3
) ANSWERS TO TEST ’ : :

.3 100011~ 35 ) Lo . oL e e,
\ 110101 53 C ' :

101011 * 43 - o T e e .

e 10000011 13T - . . :

4. Input -_ Output e T,

A | B € .S B

o 2 Py e v = . * .
- N ¥ : . + M R - .
1 1 T=4-0.1 - o e ' . :
- - - ) . . . N owe -
kS . e . L . v . STy i . -t m %
.

5. a. Free-runningorastable - T ' o
. - - =z : L Sow s
b.  Flipsflop.or-histable : o R
o <. 3 g H _ [ - +
- AP e . D . -
c. One-shot br‘rrlqngs;able . ) , 5 B R

& 0011 00T of1 010 . ST e
b. 0010 4000 - OM1 0100 . - :

c. 1000 - P00t - - 1001 ¢SGR . L T e ﬂ%
7. Evaluated to theAsai'tvisﬁétion of the instructor” T T AR

Performance skills evaluated to the satiéfacti‘fon.of the ihstructor

e
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SPECIAL SEMICONBUCTOR DE

UNITOBJECTIVE  ©  °

” >

o After completion of this uhit, the student should-be.able to identify the schematic symbols
, ' and output characteristic curves for various special semiconductor devices, state tne applica-
T tlons for various-special semiconductor devices, and construct and-test various special semi-_
- L conductor device circuits. This ‘knowledge will be evidenced by correctly performing the
-~ - _procedures outlined in thejob sheets and by scoring 85 percent: on-the unit test.

. - e -
l, . . - . LI ,.

o - S SPECIFIC OBJECTIVES L

S ~After completion ohhis uﬁit theiﬁudeht should be able to: .

‘ ] G B Match ierms related to- specnal sem:conductor devnces with thnlr correct defini-
‘ . uons. -

£ 7 . - ’ R ’
. - -

;e C - 2. ]dentxfy the. schematlc symoo! for an SCR. ’ _—
' e - 3. Sketchthe' output»;charactensttc cuives ofian‘SC‘R.

Y - . 4, Select- true statements concermng other characteristics of an SCR

N oG A 15. !dentlfv zhe schematic symbo! for a- Tr:ac. . -, -
6." Sketch the outpﬁt charactenstm r'urves qf a Triac,

~

S RS tden,nfy the schematic symbol for a-Diac,

,/3 Seiecr tiue statementsconcermng Diac appllcatlons.

K

K D;stm@unsh between the échemanc symbbls for two types of thermistors.

4\.}

“10.7 Se!ect true statemems concerning therm:stor appllcatxons‘

5

U

‘H.‘ Idem:fyth;schemwc symbol fora UJT * . ] g "

3
[N

12, Sketc’h the o%tput charactenstsc curves af a wrt. -’ ‘ .

. ' —img Sx‘s!éct u_xxmstutema tswnceimng UJT apphcanons. | o
. i mennmhe %chemam-* symbol forabUT. .. .

W . =

- "3_5‘., bi’é'imgaxﬁw‘b'e;ween(ihe advg'xtages af aPUT overa UJT. .~ = O

.J“ o h ~ 4
Al

. rv‘.l
~ay

*f_, 5‘,
a A

A '8.;' u:stsnguxsh bgtween the sebematac symbals for the two types of MOSF ETs.

?-6 eiﬁenmy the. wﬁematii: symbo?sfqga JFET - L - B

S'L,"’ $§e:a¢ﬁfa oumutcharactensu&curves of aJFET. . W o

{;, Lot -

T ) BE 11 - 335 .




19. Select trué statements ééﬁéemil{lg the characteristics of IGFETs or MOSFETs.

20. Demonstrate 1. e ability to: | .

a.

b.

C.

d.

§

il

4
Construct and test% silicon controlled. rectifier-circuit. -
. S "_\7-,"
.- A . R . .
Construct-and test‘%i unijunctign transistor relaxation-oscillator. =

Construct andftéstg field effeci\transisto‘r amplifier.
- 3

. \
Construct and-test:a thermistor. controlled circuit.

| pesm—

i
' ra \s
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- SPECIAL SEMICONDUCTOR DEVICES ) -
. ' ’ ) " UNIT XI
SUGGESTED ACTIVITIES
& - & . -
I Provide student with-objective sheet.
I, Provide student with information andfob sheets,
1. Make transparencies. ’
V2 Discuss unit and specific,objectives.
V: Discuss-information sheet. )
‘ Vl. Demonstrate and discuss the procedures outlined in the job sheets. 1
VII. Give test.
INSTRUCTIONAL MATERIALS
I lncludgdwinthis unlt .
L _A. Objective sheet ) > .
" ’ ‘ " B. Information sheet
B C. Transparency masters 5 h )
1. T™ 1-=S|l|con;Controlied Rectifier : * . \
' 2. ™™ 2-Tnac . '
S 3 .3 ™ 3~Unijunction/ Transistor * ' . -
/ 4, TM 4-Junction Field Effect Transistor

5. TM 5-Insulated Gate Field Effect Transistors
D. Job sheets
1. Job Sheet #1-Construct and Test a Silicon Controlled Rectifier- C:n:uif

: : 2. Job Shent #2-Construct and Test a Umjunctxon Transzstor Relaxation
Oscﬂ!ator

3. Job Sheet #3-Construct and Test a Field Effect. Transistor Amphfmr

4, Job Sheet 4»£onstruct and Test a Thermistor Contro! Circuit .

B E. Test

o
H2 N .
Sy ‘ F. Answers to test

-
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SPECIAL SEMICONDUCTOR DEVICES
. * UNITXI ) : :

" INFORMATION SHEET

- -
-

- Terms and definitions

A. Thyristors-A family of multilayered semiconductor devices which are
used primarily for switching current

¥ @

B. SCR (Silicon Controlled Rectifier)--A three-terminal device similar to an -
ordinary rectifier except its rectifying-characteristics can be controlled; a
member of the thyristor family

C. Triac-A three-terminal device which is a member of the thysistor family and / '
is generally-applied.as an.AC switching device . - .

D. Diac-*A bidirectional triggér diode
THermis,tor-—A temperature-sensitive resistor

F.  UJT (Unijunction Transistor)--A “specialized type of junction transistor
which is normally used as a switching device .

. . t
G. FET (Field Effect Transistor)--A specialized type of transistor which is
voltage controlled.and has very high input impedance

.H._ PUT (Progfammable Unijdnction Transistor)-A speéialized semiconductor
7 device used for switching purposes; it has a trigger voltage that is program-

SCR schematic symbol (Transparency 1)-- G :
. K ] Anode
- - O ©)
- - Cathode l\] A
Output characteristic curves of an SCR (Transpargncy 1) o7 .

A. Gate current

B." Forward breakover voltage

C. Hoidingcurrent

D. Normal rectifier chavacteristic
Otherﬂcharacteﬁst%cs of an SCR

A, Small gate current required (o turn on device when P-N junction is forward
biased ’

8. Remains on until ancde to cathode gurrent is reduced below minimum
holding current , Iy, ¢ "

[

* ) -
* -
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VI,

VI

¥

X.

INFORMATION SHEET : .

Triac schematic symbol {Transparency 2)»‘3 7

T

2
Output characteristic curves of a Triac {Transparency 2)

Forward.condition .
Reverse condition

A

B

C. For'{va'rd breakover ‘ .
D. Reverse brfzakover

E

AC switch characteri;tic s

Disc schem;ﬁc symbol-

Diac applications ) . H .

A. Used to triggerTriacs - .

B. Provides protection against overvoltages
Thermistor schematic symbols - , .

A. Directly heated--

B. Indirectly heated-

“Thermistor applications

A.  Used when a negative temperature coefficient is required R
B. Detects changes in the temperature of the surroundjngs
C. Detects changes in current flow by indirect heating of the device ‘
-~ -
& ’ - ' 2 ? ;’




Xl.

Xil.

XIII.

Xiv.

XV.

(&4

XVL

Xvil, -

- Al

B.

C.

"Reverse-bias Junctson (gate to source) controls output ,

BE I1- 341

INFORMATION SHEET

‘UJT schematic symboi (Transparency 3)-- - B2
— B‘l °)
Output characteristic cﬁrves ofa UJT:(Transparency 3)
A. Resistance from base-1 to emitter-is high-at low-emitter voltages
B.__When emitter. voltage reaches the forward-bias level, the base-1 resistance
drops quite suddenly between base-1 and emltter i
UJT applications . ‘ . f :
- A. Wave-shaping gerierators ) . ‘0
B. ’ -Pulse-forming circuits
" PUT schematic symbol--
” -
Advantages of a PUT oy r aUJTf(or transistor switch) ..
A. Higher breakdown voltage ; ’
B. . Low voltage operation ua.pability
C. » Programméble trigger voltaqe_ ) ¢ .
D. Low cost and small size e
JF E-T’schematic symbcﬁs (Transparency 4)--
o ] . o, ) . )
| om : j;\
—f], (™)
\\; ';,.ﬁ,/‘ ) ‘1;)55;
. ‘ N - Ch;nne! . P’- Channel '
Output characteristic curves of a JF ET

Normally on" device conZucts when voltage is applied between the drain
and the source - .

) Hngt; dnput umpedance because of the reverse-biased junction

9
i~

«\J

Cry
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. INFORMATION SHEET

XVIIL.  MOSFET schematic symbols

¢ A, Enhancementmode«g

" __oDrain . ~ Drain
Gate Substate Gate Substrate
Source Sourte
P.- Channel N - Channel
B. Depletion mode- \ -

Drain Drain

Substrate - Gate —o Substrate

Source Source

- . -

P - Channel N - Channel .

- XIX. Che;ra\c'teristics of IGFETs or MOSFETS

A. Gate insulated from source and drain

-

B. High.input impedance because of the insulation layer

+ 1

C. "Enhance[nent type is normally "off" and has no deposi¢ed channel region

v . D. Depletion typé is normally "on" and has a deposited channel-region

-
*

’




" BEI1-343

*Silicon Controlled Rectifier

g
&

O—- — —0
Cathode . \l\]/ A

‘Schematic Symbol

Normal Rectifier
Characteristic

B ga‘
3 ‘_)‘K

-, Holding Current

/ .. —Forward Breakover-
% .. Voltage

-VL

Normal Rectifier . ' , L
Characteristic J

Output Characteristie Curves -

™ 1
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L | ~ Triac

Forward Condition -

- Forward
Breakover
E

" Reverse Breakover
"

Reverse Condition

@ . * Output Characteristic Curves -
Q] - ’ 31 ' ‘ e
ijt? o o o 25"1 L :
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Unijunction Transistor
& d .
7
e
o
Y
. ) A‘EVBJB‘ -
. Cutput Characteristic Curve

282 . . R ™ 3




Junction Field Effect Transistor
| JFET

. - 'Drain
Gate Pj :) V.— - —EF P _

FON
K

.
¢ T

/ : | Source

N - Channel Junction - o
Field Effect Transistor JFET Construction

L]

Ip

‘a o ; ( " PN ( | VGS:O'

pa- - VGs =\O.12v.

VGS = O.4V

A

VGS’ = 0.6v
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Insulated Gate Fleld Effect Tmnsstor
_ (IGFET) or Metal Oxide Semiconductor

Field Effect Transistor (MOSFET) .

/
Gate Substrate
 Source
Enh'ancementMo&é ' 5 10 Vbs.
> (Type N-Channel)
Schematic Symbol
g‘b;—a}g i
5 Gate Substrate
4 Source . . ]
Deplanon Mode - 5 10 Vbs
(Type N:Channelf -
Schematn ¢ Symbok . Uutput Charactensnc Curves
S 'Am:w ahways pounts toward the N-pe material . -
A} \ r
) Metal Oxlde Insulation *
-y ‘N-Chafinel .
Sourc:e /l—o <+—Drain

N+Reg’i"on ‘ iz N+Region o -
ss VP | ;
(Slhcon Substra(e) / \ - o N

Substrate
. MUSFET Construcbon Depletion Tvpe T

L S > -
B e :25.{ - . . P ..
. 7 - N K . . - -
- 2 - i . N . L »
.. d € '
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SPECIAL SEMICONDUCTOR DEVICES
UNIT XI

{

JOB SHEET #1--CONSTRUCT AND TEST A SILICON CONTROLLED
RECITIFIER CIRCUIT

Tools and equipment

GE C106B SCR-or equwalent .

——

6 volt power supply (300 mA) -

(g - /.

1-10k potentiometer /

A

B

C. #328 incandescent lamp and holder or equipment ) L N,
5 ,

E." 1-220 ohm fesistor

F

1:560 ohm resistor

-

Erocedure )

-

A. Connect the circuit as shown below

(CAUTION: Dv not-turn on the,pawer supply at this time:} ' .

B.  Adjust the 10k potentiometer?for m&*imum:’resistance .
C. Turnon power supply . . ) o . )
'D.' Connect your voltmeter between the gate and cathode !eads of the SCR g
E. Slowly def'rease the resnstance of the 10k potentg@meter unt:l the Iamp
lights; then read and record-the. gate voltage .

F.  Disconnect the gate lead-and observe / . . .
Replace the g.ate lead ' ; ’

H. " Réturn the potentiometer to its maximum resistanc¥ position . o




c ¢

‘ ' A Place a Jumper ‘between the anode arfd cathode of the SGR ;hen remave
. ) .- the Jjumper and. observe thag the. Iamrz goesout T
- _— " e Repeat Steps D ihrough ﬁ and. comaare tﬁe resu!ts o&samed the sncond
o N time with thase obta‘ned ihe firsttime < - o -
" . N - X N . . t e oot

2 e

5 L. X ’ : " i ":' Y .- )\‘ lLIJ * Py
" . L Cheek\your results with-your mstructar’ ~ R

o ) . N ‘ K ‘) \ ", - L ., . ‘ . R R o,
" . 'y ' b > e T Ry L e

% R . .
. N . s N .
N jurd Y .t = . - - - -
3 . . N : < - 5
K A I TN - - - ’ T
\ s -, R - - y :
S - R . N N
- - - . . - -
* ~ o N - h - . 5 N - . > T e
. < = T R “ - . M
d - B S - : - .
. R 4 > _ -
SN . - > - .
- . o
- - E:
. . ~
¥ .
o o
E -
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: SPECIAL SEMICONDUCTOR DEVICES
¥ UNIT XI - )

&

JOB SHEET.#2~CONSTRUCT AND TEST A UNIJUNCTION
TRANSISTOR RELAXATION OSCILLATOR

-

+ Equipment and material needed

GE 2N2646 UJT or equivalent
Power supply (12 volts)

1-10k potentiometer

1-100 ohm resistor

1-470-ohm resistor

1-33.0hm resistor .

1-0.1uF capacitor

£ 6 m m o o 'w p

Multimeter

*y

Oscilloscope

»

¥
&

Graph paper
. K. Soldering iron or gun

1. Procedure

A. With an ohmmeter, read and record the resistance between the two bases

B. Connect the circuit shown below

(CAUT!ION: Do not turn on the power;;pﬁlﬂ} at this time.)

. i 100k

T

0.1uf

!
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>

. "JOB SHEET #2

Place the potentiometer in approximately the midrange position
A
D

Turn on the power supply

Conn;ct the oscilloscope to observe the waveshape across the capacitor
and:sketch a scale drawing of this voltage waveshape
Connect the- o:scilloscope to obsarve the waveshape across the 33 ohm
resistor and sketch a.scale drawing of this voltage waveshape

(NOTE: If your oscilloscope has two-channels or if you have an-electronic
switch, observe the waveshapes of Steps E and F simultaneously. If not,
draw -your two pictures so-you can relate the time on the sketches to each
other.)

»

From your sketches determine the frequency of oscillation, that .is, the

number of pulses per second that are being generated

Change the potentiometer setting and observe the voltage waveshapes to
see if the frequency changes; determine whether frequency increases or
‘decreases when the poténtiometer resistance is increased

Connect the oscilloscope across the .33 ohm, resistor ar 1 set the potentio-
meter approximately to midrange, then- while observing the oscilloscope,
hold a hot soldering gun near the UJT for three seconds and observe any
change - )

Check your results and sketches with your-instructor

(NOTE-=:Record-observation-from-step |.)

= 4

-
* - -

Rs,8,

Ve

f= o R .

(Note: Record obsérvations from step 1)

’ s

24§
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A

SPECIAL SEMICONDUCTOR-DEVICES
UNIT X1~

JOB SHEET #3--CONSTRUCT AND TEST A FIELD EFFECT
TRANSISTOR AMPLIFIER
Tools and equipment
. 2N5555 JFET or equivalent
2-15 volt power supplies
1-100k resistor
1-1k-resistor
1-100k potentiometer
1-1uF capacitor

Signai generator

I 0 mm oo o p

‘Oscilloscope
Multifheter
Milliammeter

K: Graph pa;per

Procedure

A. Wire the-following circuit

* (CAUTION: Do not turn on the power at this time.)

V ,
N DD
|\ —M"
: 15V .

< Jignal
Generator

—

O

ST SR N

_ Oscilloscope
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o z =2 r

JOB SHEET #3

Turn on the dram power supply (VDD’ and observe the draln current on the
milliammeter meter -

~
.

hd %
Turn on the gate power supply (V) and observe any change in drain current

Adjust the potentiometer until the drain current is barely measurable,
then record the voltage at Point A to ground

Recheck to see that both-power supplies are set-to 15:volts (with polarities
as shown-in the schematic)

b e
Adjust the-potentiometer until the drain current is at 4.mA, then record the
voltage at Point A-to ground . ’ .

_Adjust the potentiometer until- the drain current is at 5 mA, then record the

voltage-at Point A to ground
Short-out the milliammeter

While reading the drain to source voltage with a multimeter, adjust the
potentiometer-until the voltage equals +10 volts N

Connect the signal generator through-a 1 uF capacitor to Point.B

Ad]USt the signal generator for a signal of 1 kHz, and an amplltude of 0.1
volt peak-to-peak .

Connect the oscilloscope across the 1k load resistor
Record the amplitude of the signal voltage across thqload resistor

{lake a scale drawing of both input and-output voltage waveshapes

Check your results and your drawing with 'your instructor




»

. . <
] . M LI 4

R ‘ - . JOB SHEET #3 : : '

' ‘ ) . Data Table !

lp Van | N .
T — Initial ' ' S ’
4mA

5mA

oy
4
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SPECIAL SEMICONDUCTOR DEVICES - .
UNIT XI f

4

JOB SHEET #4—C(5NSTRUCT AND TEST A THERMISTOR
CCNTROLLED CIRCUIT

N

“

-

Equipment and materials needed e

A. Thermister CA31J1 .3 inch disc thermister Ro @ 25°C.= 1000 ohms or
equivalent :

DC milliamameter (center scale deflection)

7

1-4.7k 6hm:resist6r, 1-1k ohm resistor

O 0w

1-10k ohm potentiometer
E. 1-1K resistor

F. DC power supply

G. Multimeter {optional)

H. Soldering iron or some means to heat the therrf)istor

.

Procedure -

A. Connect the circujt-shown below

-

B. Turn the power supply on and adjust to 10 volts then adjust the potentio-
meter until the meter gives a *0" indication




- JOB SHEET #4

C. Measure and record the voltage across the thermister; heat the thermistor
with. a soldeging iron:or light bulb and note any change or current through
the m|II|meter remove the heat source from the thermistor and note any
change of current and voltage . .

" Optional ' )

A. wmbeasure the roorn temperature next to the thermistor before -heating the
thermistor and record the temperature, current, and the voltage drop across
the ‘thermistor . .

1

B. Heat the thermistor untnl you obtain a change in current, then record the

new current, the-temperature, and-the-voltage across the.thermistor

ac

L2
C. Calculate the thermistor's resistance for both the cold and heated conditions.

~{NOTE: You may need to review the basic electrical equations for a resistive
brldge CII’CUIt )

-

D. Measure and record the vdltage across the thermistor

- .

E. Heat the thermistor with a-soldering iron or Ilgbt bulb and note any change
of current through the milliameter

F. Measure and record the voltage drop across the thermistor

G. Remove the heat source from the thermlstor and note any change of cur-
rent and voltage
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SPECIAL SEMICONDUCTOR DEVICES
UNIT XI-

NAME

-

TEST. - '
1. Match the terms on the right with thei;' correct déﬁnifions‘

S A famnly of multilgyered semlconductor 1. 1JT
‘rlevices which are-used primarily for switching

current . Diac

)

2
b. A three-terminal-device S|m|Iar to an ordinary 3, PUT
rectifier except its rectifying- “characteristics - 4

. r
can be controlled; a member-of the thyristor , 4. Thyristors . N
family ‘ 5. FET

__-C. A three-termitmal device which is a member of 6. SCR
the thrysistor family and.is generally applled
asan AC swnchmg device 7. Triac
d. A bidirectional trigger diode 8. Thermistor
v ‘ k4
e. A temperature-sensitive resistor .
Zv v N “
f. ‘A- specialized type of junction transistor

. which is normally used .as-a switching device

g. A specialized type of transistor which is ) .
voltage. -controlled and has very high mput ) ) R

h. A- specialized semiconductor device used )
for switching purposes; it has-a trigger voltage
that is programmable

-

2. ldentify the schematic symbol-for an SCR by circling the ccrrect letter, *

a. x b. C.
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3. Sketch the output characteristic curves of an SCR on-the diagram-that follows.

5

4. Select true statement

a

[ J o

k4

a.

Medium gate current

-

.

- -

-

AN

E

-

:/(c'oncerning other characteristics of an SCR by placing an "X" in
the appropriate blanks.

b. Remains on until anode to cathode current is reduced below m|n|mum
holding current, IH )
. -
5. ldentify the schematic symbol for a Triac by circling the«oirect letter.

S

- -

L

-~




6.- Sketch the output characteristic curves of a Triac on the: diagram below.

» i -

PR

s

. -

7. ldentify the schematic symbol for a Diac by circling the correct.letter.

r*

a. * « b, ¢ c.

NE]

8. Select true statements concerning Diac-applications by placing an "X" in the appropri-
ate blanks. : .

» 8. Used to trigger Triacs
__b. ‘Used only with extremely low voltages °

9. Distinguish between the schematic symbols for directly and indirectly heated thermis-
tors by placing an "X" beneath. the schematit for the directly heated~thermyistor.
! - 2
. i

<
. !




+ appropriate blanks. - .

~10. Select true statgments concerning thermistor applications by placing an*"X" in the ‘

a. Used when a:positive temperature cosfficient is required

“b. Detects changes-in the temperature of the surroundings

) C. Petects*changes in-current flow by indirect heating of the device . . :
3 5 . .
11. Identify the'schematic symbol for a UJT by cirtling the correct letter, ., ~ , S5
. a & b. c. T
P [
. e E
N L
. - ———
’ \
. yd * .
. - - ’ -
. 4 S
12." Sketch the ogtput-characteristic curves of a UJT on the diagram that follows. ’ '

.
A ' 1
.

] -I . '
{ 13. Select true statements concerning UJT applications by placing an "X" in the appro-
priate blanks.

.

[y

- 4

a. Wave-shaping generators ' . .

“ " . - - -

b.. Pulse-forming circuits
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. .
. v . R A

14. -Identify the st;hemati‘c,symbol for a PUT: by circling thé correct letter. | '

a, &

1 - -

B 15. Disfinguish between the adyantages of a PUT over a UJT by placmg an "X" beside
- the statements that indicate PUT advantages.

° __j____a. Higher breakdown voltage ‘ , ‘
b Low voltage‘ op, T&t’i'en capability
‘ c. Programmable t.rigge'rv’oltage s \ ‘ o ‘
'
__d High-cost but small size ) ' Co

16. Identify-the schematic symbol fora JFE'f‘by circling the correct letter. | o -

17. Sketch the.output characteri;tic curves of a JFET .on the diagram that follows. o
<8 _ . . , -

-

'. . ID - 3 .




] )

18. Distinguish between the :chematic symbols for MOSFETS in the enhancement mode ‘
and MOSFETS in the depletion mode by circling the letter beneath the schematic for

the MOSFET in the enhancement mode.

Substrate

. " . 19. Select true statements concerning characteristics of IFGETs and MOSFETs by placing
an "X" in-the approprlate blanks.

a. Gate insulated from source and drain .
d“;*-‘ .
b. -High input |mpedance because of the insulation layer

*

c. Enhancement type is normally "on" and has no ~deposited channel region .

R13 »

d. Depletion type is normally "off" and has a deposited channel region ‘
20. Demonstrate the ability to: . . .
a. .Construct and testa silicon controlled rectifier circuit.

o, - - N
T b. Construct and test a unijunction transistor relaxation oscillator.

<

¢. _Construct and test a field effect transistor amplifier.
d. ® Construct-and test a thermistor controlled‘circuit.

(NOTE: If these activities have not been accompllshed prlor to the test, ask your
T lnstructor when they should be completed.)

~
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OSCILLATORS
UNIT X1

UNIT-@BJECTIVE

‘After completion of this unit, the student should be able to identify the circuit schematic
diagrams for various oscillator types and construct and.test a Hartley oscillator. This know-
ledge will be evidenced by correctly performing the procedures outlined-in: the job sheet and
by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVES ¢

1. Match terms.related to oscillators with the correct definitions.

2. Identify- the circuit schematic diagrams for a Hartley oscillator, a Colpitts: oscil-
lator, and a Clapp oscillator.

3

3. Identify the circuit schematic diagragw for a Pierce oscillator, a TBTC oscillator,
and an RC oscillator: ’

4. Demonstrate the ability to construct and test a Hartley o&cillator.

-~

~

L

¢ o

ERIC
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OSCILLATORS
UNIT X1

SUGGESTED ACTIVITIES

<

-

Provide student with objective sheef.

Provide stﬁdent with-information and job sheets.
Make transparencies.

Discuss unit anc; specific objectives.

Discuss information sheet.

=Y -
Demonstrate and discuss the procedures outlined in the job sheets.

Give-test. ~

INSTRUCTIONAL MATERIALS

) X

Included-in this unit:
A. Objective sheet
B. ’Infofmatiocr'\ sheet
Transparency masters ’

1. TM 1-Hartley, Colpitt.;,, and Clapp Oscillators

2. TMQ -Pierce, TBTC and RC Oscillators
D. Job Sheet #1 Construct and Test a Hartley Oscillator
E. Test - .

- -E.—Answers-to-test - —-- -

References:

*

A. Miilman, Jacob and Christos Halkias. Electronic Devices and Circuits. New
York: McGraw-Hill Book Company, 1967

Schlllmg, Donald L. and Charles Belove, Electronic Circuits: Discrete and
Integrated. New York: McGraw:Hill Book Company, 1979.
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OSCILLATORS )
UNIT XII ‘
@
g INFORMATION SHEET -
T Terms and definitions

A. - Oscillator--An electronic device which converts energy from a DC supply
source-into AC energy at some specific frequency

&5

B. Feedback--The coupling of energy from the output back to the mput of
a circuit

C. Resonant: frequency (F or F )--The frequency of oscillation of a tuned _
circuit "\

\

D. LC circuit-One of the classifications *of oscillators in which the resonant
frequency is determined by the inductor (L) and the capacitor (C) in the
circuits-

E. RC gircuit-‘-One of the cIassific;ationssof oscillatars in<which the resonant

“frequency is determined by the resistance and capacitance in the circuit
e e o ). M

> F. Crystal circuit--One of the classifications of oscillators in which the resonant
frequency is‘determined by-a crystal -

-3
+

1. Oscillators (Transparency 1) . .
A. Hartley oscillator
1. Commen-base or common-emitter type amplifier

-

2. Tapped inductor

3. Capacito:' fee&back

4. Used for frequéncies up-to 160 megahertz
B. Colpitts oscillator -

1, Tapped capacitors

2. Resonant frequency detAermined by the value of the inductor, L,
-and the series connected value.of.the.two ca’ﬁécitors,;C1 and C, ’

3. Capacitor feedback

304




INFORMATION SHEET

C. Clapp oscillator

’

1. High —dégree of frequency stability in- & variable-frequency oscillator

2. Inductor replaced by a.series resonant gif‘cuit
* +

\

“; 3. Limited operating frequency range . ™~ .
. 4, Capacitor‘feeé;back o ' \
Oscillators-{Transparency 2)
A. Pierce oscillator
1. Uses-a fixed-frequency cr:y;stal

2. Very stable frequency response, often better than 0.01 percent of L
center frequency A

o

3. Capacitor fee‘dback
B. TBTC (Tuned Base Tuned Coltector) oscillator
*1. Uses interelectrode capacitancg for-a feedback path
2. CF ;small capacitance to assure sufficient feedback-at-all times—-

- 3. Capacitor feedback

o

RC phase shift oscillator
"1.” Usually audio-frequeéncy oscillators
2. Considerable power. loss

3. Inexpensive to build

>

Capabitor feedback

303
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Hartley, Colpitts and:'CIa‘pp, Olscillators

Clapp Oscillator

305 - | . ™ 1
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Pierce, TBTC and RC Oscillators

P
" y
* 7 " _— y -1-+ _
| Tuned—Base—Tuned —Collector
Oscillator (TBTC) -
Vce . o
- o gﬂd* C C C .

. 4 TC
Vag - =
wF [T g,

RC Phase Shift Oscillator
’ 30)% | ™2
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JOB SHEET #1--CONSTRUCT AND :I'EST A HARTLEY OSCILLATOR
I Tools and equipment ‘

A. 2N3638-PNP transistor or ecuivalent

B. 2ZmH RF transformer . -

C. 1-0.1uF variable capacitor

D. 1-0.1 uF capacitor ‘ ) ‘ .

. E 1“- 0.5 uF capacitor .

F. 1-1Kresistor

G. 1-2Kresistor )

H. 1-6.2K resistor

I.  Oscilloscope

J DC power supply (0-25V)

K. Frequency counter {optional) °

. Procedure _
A. Wirethe following circuit
(CAUTION: Do not turn on power supply'a't this time.)
: —®
" g é : Output ‘
o Y P e '
—

B. Connect the oscilloscope to the output winding of the RF transformer

L ‘ - 30§

|

~
®
=
o - — N




JOB'SHEET #1 = S ‘ :
‘i

Z C. Turn on the power supply'and observe the waveshape ) .

——

. : D.  Adjust the variable capacitor anAd>c;b‘se*r'v'é the change in.frequency

E. Measure the Jowest frequency -obtainable by adjusting the variable capacitor
and-the peak-to-peak voltage output\

F. -Measure (using the oscnlloscope) the hlghest frequency obtainable and
the peak-to -peak output:-voltage
. G. With the oscillator operating at its- hlghest frequency, place your finger on
. the transistor until you observe a change in frequency caused by the slight
> S heating-of the transistor

3

H: Turn. off the-power supply and replace the transistor with another 2N3638
PNP transistor : -

1. Turn on- the-power supply and notice the changes that occur in the output
" frequency or the output voltage level -

J. _ Check your findings ‘with your instructor T
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. OSCILLATORS !
UNIT XII

NAME _* .

TEST ! *

3
*

v - 1. Match the terms on the right with their correct definitions. - :

a. The frequency of o‘scillation of a tuned-circuit 1. Oscillator

b. An electronic device which converts energy 2. Feedback -

~ . from a DC supply source into AC, energy at
- some specific frequency 3. Resonarn
) s frequency

. . . ___C. One.of the classificaticns of oscillators in

~  which the resonant frequency is_ determmed /4, LC circuit .
by 3 crystal

RC circuit

d. The coupllng of energy from the output back

to the input of a circuit 6. Crystal . .
N . , circuit -
e. One of the classifications of oscillators in., . : .
which the resonant frequency .is determined” '
- ., by the inductor and the capacitor in the
circuits

- "~ f. One of the classifications of ostillators in
which the-resonant frequency is determined -
by the resistance and capacitance in- the
circuit

2. Identify a- Hartley oscillator, a Colpitts osciilator, and a Clapp oscillator from the
. schematics that follow.

-




7

C.

-

3., ldentify a Pierce oscillator, a TB]'C -o¥cillator, and an RC oscillator from the sche-
matics that follow. <L . : .




»

\
»

O

ERIC

\

. v
i .
]
b. . . |
v R
-~ B
- ~ A
.
.
- @
- id .
,
. +
-~
b -
' N * -~

L4 3

C. .-

©

+ 4, Demonstrate the ablllty to construct and testa Hartley oscuLIator.

(NDTE: If this actnvntﬂas not been accompllshed pmor to fest .ask Vour mstructor

when it should be completed.)

N ’ .
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1
6

14
N

.3.

4, Eerformance‘ skills evaluated to the satisfaction of the-instructor ’

ot

b.

- C.

Hartley ‘
Colpitts
"_Clapp -

TBTC
RC-
Pierce

WY

»

~
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ANSWERS TO TEST -
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' TRANSMITTERS
UNIT X111

UNIT OBJECTIVE

o
-After completiop- of this unit, the student should:be able to identify the various.stages of
CW, AM, FM, TV transmitters, and those found in a television transmitting system. The
. student should.also-be. able. to-calcutate wavelength-and-antznna-length-for-various-types-of — - T
-antennas. This-knowledge-will beevidenced by correctly.performing the procedures outlined
in-the assignment sheet and by scoring 85 percent on-the unit test.

~ ¥

SPECIFIC OBJECTIVES
";‘h:’{“—s ’ 3‘

k')

r -

1. Match_terms related to-transmitters-with their correct definitions. .

2. Identify the stages‘found in a CW transmitter.

=¥

Identify the stages found in an AM bro&dcast transmitter.

. ldentify the stages found in an .FM b’réa_dcast transmitter.

3
4
5. Identify,thevst’ageé foundin a t.glgyision tra;Ismitting system,
6

Select:true-statements,concerning the characteristics of anténnas.

~ 7. Calculate wavelength and antenna length.
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”

' TRANSMITTERS
UNITXINE
SUGGESTED ACTIVITIES B

l. Provide student with objective sheet.

1. Provide student with information-and-assignment sheets.
1. Make transparencies.
v. Discuss unit and specific-objectives.

V. Discuss information and assignment sheet. .

A\ B Toura tr@hﬁsrfjittfingffarcilirtyr if possible.”

VII. Give test.

INSTRUCTIONAL MATERIALS ' :

) I.  Objective sheet
A. Objectiv'e‘ sheet
- ~ B. Information sheet
-C. Transparency'ma'st_ers
L TM'1--Contir'1uogs(WavéTransmitter
‘ 2. TM 2--AM Transmitter |
E ) 3. TM 3--FM Transmitter
4, .TM,4--TeIevision Transmitting §ystem )
D. Assignmeént Sheet #1--Calculate Wavglength and Antenna Length

E. Answers to assignment sheet

F. Test

' G. Answers to test
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TRANSMITTERS
UNIT XI1I

INFORMATION-SHEET

Terms and definitions

A, Transmitter-A device that converts méssages |nto electrical signals which are
sent on a wire orradiated through space from an antenna

o

Modulation--The process by which the message signal is used to vary some
characteristic of a carrier signal, such as amplitude, frequency, or phase

AM (amplitude modulation)--The- process by which the message signal is
used to vary the-amplitude of-the carrier sngnal

FM (frequency modulation)--The process by which the message signal is
{used to vary the frequency of the_carrier.signal

-

cw (continuous wave) trarismitter--The system for sendin%\message signal
by turning the RF carrier on and off ¢

Broadcast transmitter (FM or AM) The system for send|ng a message signal
by modulating the RF ¢arrier .

Television transmitter-A system which uses FM to transmit the audio
message signal and-AM to transmit the video message signal

-Antenna--A -device which radiates into space the power delivered to it
from the transmltter

l. .~ RF--Radio frequency
CW transmitter stages (Transparency 1) ‘
A. RF oscillator
. B. RFamplifier(buffer)
C. Poweramplifier
AM broadcast transmiitter stages (Transparency 2)
A, Audio ampllfler
B. Modu‘lating signal amplifier -
RF oscillator -

Powel;.'ampliﬁer
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IV

V.

"~ C. Modulator
D.

INFORMATION SHEET o

‘FM broadcast transmitter stages (Transparency.'3)

A. Audio amplifier
B. Crystal oscillator
Frequency multipliers ' : y

E. Poweramplifier
.
Television transmitting system stages (Transparency 4)

A. " Sync generators

VI.

, 1. Greek symbol lambda A ",

"B. Camera-and camera circuits .
C. Video amplifier
D. Lineand contro! ampljfier o
LN .
E. M:o'dulator , . -
F. RXF po_wei’ amplifier
G. FM tranémitter
Anten'nas
A. Wavelength

-

2. X = c/f where c is the velocity of light in m/sec and f is frequency in

hertz;C =3 x 108 m/sec; therefore, A = 3 x 10§/f
(NOTE: X is in meters and f is the frequency in megahertz:)

B. Hertz antenna (Figure 1)

1. fOne.ha_IwaavéIengtl'i long

2. Also-called a half-wave dipole antenna
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INFORMATION SHEET

3. Does not need to be connected to an earth ground

5= —A/2—
FIGURET a4

. =F

~

C. Marconi antenna (Figure 2)

rd

1. A grounded antenna

2. Length is “one-fourth- wave" or any odd multiple of- one-fourth- wave-
T T length ’
i

L

T

LA\/4

Antenna ——gm.
' Earth's Surface

Reflected Image ~—{»

.

FIGURE 2 ~
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Conﬁ‘mious Wave Transmitter

e e = maa - - —— - ——— e e

o | _ Antenn“a< ;
tM\ l| , o ’ "
o N

RF-Gscillatr > RF@J}'{;‘S‘” . Power Amplifier

- | | ./Key
~ | - : |

Block Diagram
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~
\\

AM Transmitter

M ophone o ' | _ :
A‘ [ | Audio - Modulating Signal| \ /L\ ¢
.| Ameplifier | Amplifier ntenna

i
Audio Signal

“Sound V ives

Audio Signal M -
| Power Amplifier |— , .

Modulated
RF Wave

RF Oscillator |—{ Buffer)
/_

M
Al

RF Oscillations

N
l/

66€-11-39 .
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| FM,Transmitter

X10

“
o
m

PoWer
Amplifier

-+ Crystal ~ Modulator | - | Frequency | |
Oscilator | ™ Muliphers |
Microphone | .
Audio

Amplifier |

:‘ ” ~ 7

Block Diagram

Antenna

\

/
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- Television Transmitting System = - _awema

»

~ . N
. A -
& ¢ N , N
- - d
L - .
L3 . .
- . é T r

/ | Camera 1 Video | Line & | - : RF
Video & | 1 Control Modulator]__, Power | -
. Information™] Camera [~ Amplifier ] Amolifier > |~ | Amplifier ’
| | Circuits | ‘ Ampliteny - ‘ . -

Sync ’ . ,‘( ) : T 4 )
Generators - - ’

_FM Transmiti *r

Block Diagram

W
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1. Calculate the waveléhgth (A) for a's

(NOTE: reqilené:y =1MHz.)

A=

e’

TRANSMITTERS

<

+
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UNIT Xill

ASSIGNMENT SHEET #1-CALCULATE WAVELENGTH AND ANTENNA LENGTH-

gnal.

meters

2. Calcil late the length of'a marconi an
(NOTE: There will.be resonance at

a.. ‘Hertz antenna length = °

d a hertz antenna.

this frequency:)
- f
__meters -

b.

-

meters

Marconi antenna length =
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* "TRANSMITTERS
UNIT X111

ANSWERS TO ASSIGNMENT SHEET

1. A =300/1= 300 meters

2. a. Hertz=\2 =300/2 = 150 meters

3

b.  Marconi=\/4 = 300/4 = 75 meters .

Y
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(4
TRANSMITTERS
UNIT XI11
NAME - o
TEST

the terms-on the right with their definitions. -

a. A device that converts messages into electrical 1. Antenna
signals which are sent on a wire or radiated

through space from an-antenna 2. Modulation
b. The process by which the message signal 3. CW transmitter
is used to vary some characteristic of a -
T Ze 4, AM .
carrier signal, such as amplitude, frequency, )
or-phase . .o, 5. Broadcast -
. o . transmitter
. c. The process by which the message signal ’
is used to vary the frequency. of the carrier 6. FM
signal’ . . -
] 7. Television
* d. Thé process by which the message signal transmitter

. is used to vary the amplitude of the carrier L,
signal . 8‘.r Transmitter
. o 9. RF
e. ,The system for sending a massage signal
by turning the RF carrier.on and off

f. The system for sending a’ message signal
by modulating the RF carrier

g. A system which uses FM to transmit the
audio message Signal and AM to transmit
the video message signal

h. A device which radiates into space the power
delivered to it from the transmitter

i. Radio frequency




2. Identify the stages found-in-the following-CW transmitter.

’ ' i . Antennai

»
m—

.. Identify the stages found-in the following AM proadcast transmitter,

N

4

5

Microphone

ol
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Antenna

. ‘ 4, Identify the stages found in-the following FM transmitter.

~

e.

5. ldentify the stages found in the following television transmittirig system.

Ed

A%
Vi

Video
Infqrmqtion

[y

-
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6. Select true statements concerning the charactenstlcs of anth“was by placing an "X" in
the approprlate blanks.

a. The Greek symbol lambda qu c/f where ¢ is the velbcity of light in
- ”ﬂ m/sec and f is frequency in hertz

b. The-hertz antenna is also called a full-wave dipole antenna -
R s
c. The hertz antenna does not need to be_connected to an earth ground

d. The Marconi aptenna is a grounded antenna

»

i e. The Marconi antenna is "one-fourth wave" or any -odd multiple of one-
- ¥ fourth.wavelength - ' )

A

~ 7. Calculate wévele}tgth and antennq length.

(NOTE: If-this activity has not been accomplished prior to the test, ask your instructor
when |t should be-.completed.)

&
L
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Evaluated to the satisfaction of the instructor ~

aooe

Audio arﬁplifier
- Power-amplifier

Crystal escillator ' . o o "
+.Modulator- * ~ . . - .-
. ‘Frequency multipfiers

. RF power.amplifier
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TRANSMITTERS
UNIT XI1I

-

ANSWERSTO TEST T

SO
Ta o
_NOTw

RF-oscillator
RF amplifier * .
Power amplifier ) ) ’

F

Modulating signal amp|ifier
RF oscillator

Audio amplifier

Power amplifier .

Sync generators

Camera and camera circuits

Video amplifier

Line and control amplifier . ‘
Modulator

FM transmitter
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RECEIVERS
UNIT XIV

S * oo UNIT OBJECTIVE

.

_After completion of this unit, the student should-be able to locate. aﬁd identify the-major
-stagesof AM and FM receivers. This knowledge will be evidenced by correctly performing
the procedures outlined in the job sheet-and by scoring 85 percent on the unit test.

SPECIFIC OBJECTIVESA

After completion of this unit, the student shou.ld be able to:
1. Match teﬁns related to receivers wiih the correct definitions.
2. Identify the- stages in an AM superheterodyne receiver.
3. Identify the stages in an FM I'ECEIVEI'
_4. Select the frequency rangés for AM and'fE M’broac‘it:ast sté*iqns.

5. Selecttrue statements concerning the-responsibilities of the-FCC

6. Select true statements concerning the RF amplifier stage in AM and FM receivers. .

7. State the output frequencies of the mixer stage glven the frequency of the RF
signal and the local oscillator frequency.

8 Select true statements concerning the IF amplifier stage of AM and FM receivers.
9. Select true statements concerning the AM detector stage.

10. Select true statements concerning the limiter stage in'an FM receiver.

11. Select true statements concerning an FM detection circuit. .

12. Demonstrate the ability to locate and |dent|fy the major stages of AM/FM
receivers.

S 334




VI.

VII.

‘RECEIVERS
UNIT X1V .

SUGGESTED ACTIVITIES

Provide s}udent with objective sheet.
Provide student with infarmation-and job-sheets. .

Make transparencies. .

Discuss unit and specific objectives.

‘BE II.-417

of

Discuss information sheet:

Demonstrate-and discuss the procedures outlined in the job sheet.

Give test. '

\ -

INSTRUCTIONAL MATERIALS,

Included,in this unit:
A. Obje-ctive sheet
B. information sheet
C. Transparency mastel"s ’ -
e B ;TI\'/I 1--AM,S_uperheterodyne Reteiver Blc;ck Diagram

2. TM 2-FM Receiver Block Diagram

E. Test
F. Answers to test

References:

-D. Job Sheet #1--Locate and Identify the Major Stages of AM/FM Receivers

A,  The Radio’Amateur’s, Handbook. Hartford, CT: American Radio Belayfmz

League, 1962.

-

B. DeFrance, J.J. Communications Electronics Circuits. New York: Holt,

RinehagWinston Publishing Co., 1966. .

4
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RECEIVERS
UNIT XIV

o INFORMATION SHEET

';’:v
Terms-and de’finitions ’

A. Receiver--Selects a particular signal that is present on an antenna, rem—oves
the carrier frequency, and amplifies-the message signal enough to drive a load
(speaker or’headphones)

B. AM receivei--A receiver designed to receive'an amplitude-modulated signal

C. FM (frequency modulated) receiver-- A rece|ver designed to receive a
frequency- modula ted signal

D. Selectivity~-The abnlnt'y of a receiver to select one signal and reject all others
E.. Sensitivity--The ability of a receiver to amplify a smaII srgnal -

F. ~ RF frequencies--Those frequencles designated as carrier frequencles for radio
systems (3 kllohertz to 3,000,000 megahertz) ’

G. ‘Local oscnllator--Stage WhICh produces an unmodulated' variable RF signal

H. Mixer-Modulates or heterodynes the RF signal from the antem]a (RF
* amplifier) with the IocaI oscillator RF signal

l IF (intermediate frequency) -The frequency that results from mlxmg an
RF signal from the amplifier with the local oscillator RF signal; it is then
ampllfled by the IF amplifier

- J. Detector--Stage in a--receiver that separates inhe IF frequency from the '
message signal

(NOTE: A detector is also called a demodulator.)

K. Audio amplifier-The ampllfler desngned to amplify the message portion
*  of the signal”

L. Limiter-Removes or clips the upper and lower amplitude portions of the
sighal. waveshape which-removes most of the noise in an FM receiver

M. Discriminator--Separates the IF from the message signal in an FM-receiver

N. AVC/AGC (automatic volume/gain control)--Increases the gain of a receiver
* when the signal becomes weak and decreases the gain of the receiver when
the sngnal becomes strong-

0. AFC -{automatic frequency control)--Assures a constant IF center fre-
quency by. keeping the local oscillator frequency separated from the RF
amplifier signal by a fixed amount in'FM receivers

335
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INFORMATION SHEET

]

- Q
P.  Converter-Stage which combines both local oscillator and mixer stages
into one-stage

Stages in an AM superheterodyne-receiver (Transparency 1)
Antenna »

RF amplifier

Mixer

‘Local oscillator

|E amplifier

Detector

-

T @ mm o o ®m »

Audio amplifier

Speaker "

ur. Stag;as in an:FM ;t-e;:eiv‘el: (Transparency 2)
Antenna

RF amplifier

Mixer

Local oscillator”

Wide band IF amplifier

Limiter

Discriminator

AF amplifier

- X &6 m m o o0 W >

N Speaker

V. \ AM and FM broadcast station-frequency ranges

-

‘A.  AM:-535 kilohertz to 1605 kilohertz

\.

\ X
B.  FM--88 megahertz to 108 megahertz

V., FCC \(\ﬁeaeral Communication Commission) responsibilitiés

A. Licenses broadcast stations and station operators

B.  Assigns broadcast frequencies
N ]

i

- C. Regulat\eg operation of broadcast stations -
A '
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INFORMATION SHEET . .

VL RF amplifier stage in-AM and FM receivers

A. Selects one carrier frequency
B.  Variable-tuning . N .
. C, ~O‘pe'rates overa wjde-freq-uency range .
D. ‘ Lower gain than an amplifier designed for one specific frequency
F. May be omitted from inexpensive receivers ‘
VII, Mixer output frequenc‘ies ‘
" A.  RF frequenéy.

Local oscillator frequency

"

B
C. ‘ ‘LSCaI osciIIatpr frequency minus RF frequency
D

" Local oscillator frequency plus RF frequency

Example: If RF = 760 kilohertz and the local oscillator signal is 1216
kilohertz, the output from the mixer will consist of four
different frequencies: (1) 760 kilohertz, (2) 1216 kilohertz,

) (3) 1976 kilohertz, and (4) 456 kilohertz '
VI IF amplufler stage-in AM and FM receivers
A. Tunedto IF frequency kilohertz
'B.. Amplifies a-narrow band of frequencies
C. Gené[ally consists of two or three stages of amplification
IX. AM détector stage ' . o B . ,

A. Ellmlnates either the positive or the negative half of the carrier

B. Filters out the RF component leaving only the message waveform

X. / Limiter stagé in an FM receiver . ‘ .
/ A. Removes ;he amplitude'modulation .
! B. Limits the signal to a constant amplitude
C. éemoves most of the noise from the FM signal
,"/XI. FM detection circuit ) ,
A. Known as a descriminator or r;tio detector
o

‘B.  Output is a function of frequency variation
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B AIVI Superheterodyne Recelver
L Block Dnagram
A A'“e““a‘ - v Speaker
B N 1) (20-20000Hz)(2o;26000H§y\ |
- | ‘ .
. RF ] T R I N Audi
: Am plifier || Mixer - —:b Ampllfier—’ Detector —>1 A rTl\Jpll:f)ler ',
N ) .o I . . . . )
- |( 995 [2055) | (e 7% QUQ
AF Sl ,( KHzIkHZJ |
ignal |
: : Local ||
| Oscillator i .
|

(NOTE : When oscillator and mixer-are
combined into one stage the result
s is called -a converter.)
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- F M ReCe"i\f/fe_rBloﬁck Diagram -

——Antenna : , o -
. YBQﬂO&MHz) ‘ |
. |- " . : Speaker

1. RF L = .
- Amplifier | 20-20000 0-20000)
: (10.7 MHz) (107MH2)( Hz \\\(2 |

=

o Wlde Bandi : Dlscrlme AF e
Mi F Limit M ator Mlamogtiod 1 l
Vixer L'”_ AmplifierH i er' inator | |Amplifier

( 9871187 MHST 1L 1L M
. ’ A . oA, -

Local
Oscillator | .

T - : - -
- JWUUUUY. ‘ - :

sZy -1l 39
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. RECEIVERS
© UNIT XIV

JOB SHEET #1--LOCATE AND IDENTIFY THE

MAJOR STAGES OF AM/FM-RECEIVERS

" I. Tools and eguipment
A. Anavailable AM/FM receiver - i
{‘)! -
B. Schematic diagram for the receiver (Figure 1)

{NOTE TO INS'TRUCTC‘)R: 1f the class is constructing a receiver kit, use -
the kit schematic and the kit for this job sheet.)

Il.  Procedure
A. Locate the power supbly section-in your receiver schematic

B. Determine the type of -power supply used by the receiver, full-wave, half-
_wave, doubler, or some other type

C. Locate .the:power amplifier (audio amplifier) section of-the-receiver
D. Identify the detector section on your schematic
(NOTE: The stage preceeding the power amplifier is the detector.)

- “E. Locate the IF amplifier of your receiver and determine how many stages
of amplification there are in the IF section

F. Locate the.mixér and the local oscillator or the converter

G. Locate the AVC/AGC-section ‘

H. Locate the RF amplifie|" stage -~ /
'iNOTE: All receivers may not-have an RF amplifier section.)

I.  Identify each of the above sections of the receiver that you found on the
schematic by locating it in the receiver’

(CAUTION: DO NOT plug in the receiver.)

J.  Locate the antenna of your receiver

344
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AM Receiver : e
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Schematic { DET-AVC
TIRRIN ..2J
B
. e Nx,\r--l-‘l---, ;_l I__4.
i (o]
1]
{
]
! .
— »2ZRI
___________ VOLUME
For Transformerless Phase (€ - - peter]
Inverter, substitute the T i . - = 0.5
#  schematic below at point A Wt . ) _ _ 1oV
' .o - M1
AF OUTPUT - R21 EARPHONE
Q6 Q7 JACK
2nd A-F AMP . DRIVER -
Q9 Lri—e ‘ : r -
AF OUTPUT B SPEAKER
R19 l
. L ‘ —_
¢ v*‘}}’r“ Sy . yNce - ‘
- S -
. P~ = ON OFF SWITCH
~ PART OF R11 3V BATTERY
¢
- A ]
N , o
¢ 3 -2 ’i 3 4 |)

")
T
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Aruitoxt provided by Eic:




amplitude portions of the signal waveshape
receiver

\
i
- .o RECEIVERS
4 ‘*\ UNIT XIV
\

. %
‘NAME_.___
.

TEST
Match the-terms on theiright*with the correct definitions

e

Nt

in-an FM receiver

BE 1I'- 429

_a. Separates the IF from-the message signal

|
1. Detector
/
, 2. AFC
b. ‘A receiver designed to receive a frequency- ;
modulateq signal’ 3. I/F
c. The ability of a receiver to amplify a small 4, f,M receiver
signal i
. /Mixer
_d. Stage in a receiver that separates the IF .
frequency from the message sugnal 6./ AM receiver
e. The amplifier designed to amplify the message
portion of the signal
. f.

7. Limiter
Removes or clips the upper and loWer

8. Discriminator

———

which removes most of the noise in an FM

9. Selectivity
g. Assures a constant

IF center_ frequency
by 'keeping the local oscnllator frequency

10. Audio amplifier
11. RF frequgncies
' 12. AVC/AGC
separated from the RF ampllfler signal by a
fixed amount in.FM receivers 13. ‘Local oscillator
h. Stage which produces an unmodulated vari-
able RF signal
i.

14, Receiver
RF signal

Modulates or heterodynes the RF signal
from the antenna with the local oscillator

15. Sensitivity

16. Converter

The frequency that results “from mixing
an RF signal from the amplifier with the
local oscillator RF signal; it is then-amplified
by the IF amplifier

-~
k. Selects a partlcular signal that is present on an
antenna, removes the carrler frequency, and
ampllfles the message signal
load
|

!
wh todrive a

Stage which combines both local oscnllator
and mixer stages into- ‘one stage

’
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m. The ability of a receiver to select one signal -
and reject all others . . ‘

n.. A receiver designed to receive an amplitude- )
modtlated signal ) o

o. Those frequencies designated as carrier -
frequencies for radio systems . R

»

. p."‘,lncreases the gain of a receiver when the
signal becomes weak and decreases the gain of /
the receiver when the signal becomes strong

2. Identify the-stages in the AM superheterodyne receiver in the block diagram below.

- - o
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\ N .
3. Identify the stages.in the FM réceiver in the block diagram below.
a.“. I W SR W W e e \v = a R A - -
b. - Q
- — i
* c B e 1= 7 > g - h
% -
. J - -
. d. - .
a e.
b. o f
Toc. e ._ . ig - wv, o
d h'

4. Select ‘'the frequency ranges for AM and FM broadcast stations from the list given
below-by writing AM or.FM in the appropriate blanks . -

o

- .a. 20 hertzto 20 kilohertz, d

b. 88 megahertz to 108 megahertz
¢. 30 megahertz to-300 megahertz i
d. 535 kilohertz to 1605 kilohertz \

'

5. Select true statements concerning the respon5|b|I|t|es of the FCC by placing an "X" in
the appropriate blanks.

"a. Licenses broadéast stations

b. Licenses station operators

c. Assigns broadcast frequencies

d. Regulates operation of broadcast stations N
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6. Select true statements concerning the RF ampllfler stage in AM and FM receivers
by placing an "X" in the appropriate blanks. . . .

_.Amplifies.one frequency.with_very_high-gain

b. Variable turning

SO - N

c. Must be included in all receivers .
d. Selects one carrier frequency

) e. Operates over a-wide frequency range |

7. State the output frequencies of a mixer stage’if the RF signal frequency is 930 k|Io-
hertz and the local oscillator frequency is 1386 kilohertz.

a - kilohertz )

b. . kilohertz - :
) c. kilohertz ) ’

d. ' knohené ‘ ,

.

8. Select true statements concerning the IF amplifiér stage in AM and FM receivers
by placing an "X" in the appropriate blanks.

a. Generally consists of two or three stages of amplification

b. " Single stage amplifier ' ‘ .
c.—Tuned-to-IF-frequency-kilohertzz - A - - ‘

d. Variable frequency tuning
e. Amplifies a wide band of‘fréquencies

9 Select true statements concerning the AM. detector stage by placing an X" in the
N appropriate-blanks. - ‘

. a. Eliminates-both the positive and negative half of the carrier

- - N

b. Eliminates-either the positive or the-negative huit of the carrier

@

c. Filters out the:RF component leaving only the message waveform

d. Filters out both the RF component and the message waveform

+10: Select true statements concerning the limiter stage in an FM receiver by placing an "X"
in the appropriate blanks.. - -

a. Removes the amplitude modulation
b. Separates audio signal from RF scanner signal

c. Limits the signal to a constant amplitude ) ’

| S

d. Removes most of the noise from the FM signal . ‘
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-

11. Select true s’tatement concerning an FM detectlon circuit-by placing an "X" in the
appropriate blahiks. —

a. Known as.a discriminator
b. Also called a ratio detector
~c.” Output is a function of frequency variation

- 12. Demonstrate the ability to locate and-identify the major stages of AM/FM receivers.

-(NOTE -If-this- act|V|ty has not been accompllshed prior to the test, ask youy mstructor
“when it should be completed.) .

359 )
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- - Ul\\lIT‘XIV T e
\
ANSWERS TO TEST
1. a 8 iP5\
b. 4 . 3
c. 15 k. 14
d. T . 16
e. 10 m 9 . \\
f. 7 n. 6 \
g 2 o. 11 -
. h. 13 p. 12
2."a. Antenna :
b. RF amplifier \
- Mixer \
d. Local oscillator
e. |IF amplifier - \
f.  Detector \
g. Audio amplifier ] \
. h. Speaker \\
* 3. a. Antenna ) .
- b. RF amplifier o \
. c. Mixer : \ L
'*"‘.‘ -~ g Lol oscillator T T T R
e. Wideband IF amplifier \
: ™ £, Limiter
g. Discriminator
+h.  AF amplifier
i.  Speaker
4. b. FM  d. AM ;
. . . i
5. ab,cd :
6. b,d, e
7. Answer must show the folloWing four frequencies; order r'nakes no differencer
a. 2316 kilohertz {sum) g '
b. 456 kilohertz (cifference) \
c. 930 kiloherz (2" ) .
d. 1386 kilohertz (Local oscillator) .
8. ac .. )
9. b;C . ’ . . - L4
, 10. a,c,d:
11. a,b,c ) - .,

Performance skills evaluated to the satisfaction of the instructor

S

BE Il -

435

P L



BE Il - 437 d

L v S ELECTRON TUBES — —
‘, : \ UNITXV ‘ ‘

_ UNIT OBJECTIVE

[y

After completion of this unit, the-student should be ableito identify schematic symbols for
basic vacuum tubes and special tubes,\ identify typical characteristic curves for various
. electron tubes, and construct and test a vacuum tube diode circuit. This knowledge will be

evidenced by correctly performing the:procedures outlined in. the job sheet and:by scoring
85 percent on the unit test, \ ; ) :
S ~

, SPECIFIC OBJECTIVES ‘ N .
After completion of this unit, the studen;ft should be able to: \
\ 1. Match terms related to electroém tubes with their correct definitions. \
2. Identify the ihema:tic symbfols for diodes,_ triodes, pentodes, tecrodes, beam-

power tubes, and thyrzatrons. ; '

3. Label the pin numbers given gfhe bottom views of tubes.
A % > N

N . i . )
Identify typical c&-naracteristi,c curves for diode, triode, and nentode vacuum tubes,

m_,“ - 5. Demonstrate thelability to construct and test a vacuum tube diode rectifier.

-
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Aruitoxt provided by Eic:

“ E. Yest .
F. An wers to test )

e,

Referencgs’x ACA Receivi

ng Tube Manual. Harrison, N.J.: Radio Corporation
of Amerita, 1973. Jg .

- »
§ o
L
M
-
.
*
, -
-, .
- »
.
.
v
1
- -
L.
{ ;
& e - LI
/ - »
. .
;
- 4
-
\
‘-
-
™
f
*
*
* » 0 Fu
¥
¥ B L ]
g L]
L]

P
.

.




X

BE Il - 439

ELECTRON.T:UBES
© UNIT XV -

SUGGESTED ACTIVITIES

-

Provide student with objective sheet..

Provide student with information and job sheets.
Make transparencies. ‘
Discuss unit and.specific ot)féctives:'

Discuss information sheet.

Demonstrate and discuss the procedures outiined in the job sheet.

-
o

Show various types 6f tubes,

Give test.

~

" INSTRUCTIONAL MATERIALS

- PO 1

Included in th‘iﬁ'uhit:
A. Objective sheet
B.‘ Infor}natioh sheet
C. Tr.gns’parency masters
¥ - 1. TM 1-Schematic Symbols }or Diodes
- 2. TM 2-tSchem‘atic Symbol for Triodes
3. T™M 3--Schemat-ic Symbol for Tetrodes
4, ‘TM 4--Schematic Symbol for Pentodes
. TM5--Schematic Symbol for Beam-Power Tubes
. TM 6--Schematic Symbol for Thyratrons

. TM 7--Diode-Characteristic Curve

+ TM 87Triode Chafacteris;ic Curve

3

= -9, TM 9--Pentode Characteristic Curve o §‘

~

~

D, Job‘Sheet #1-Constructand Test a Vacuum Tube Diode Rectifier

a




ELECTRON TUBES
" UNIT XV

-

INFORMATION SHEET

I.  _Terms and definitions

Al

B.

C.

D.

E.

F.

L G.
H;\

J.

K.

- L

M.

2y ‘ N

o

EIectrodes--The basnc internal parts of a vacuum tube, usually-consisting of
cathodes, grids, and plates .

Cathode--The electrode vghich emits electrons

(NOTE: The cathode is similar to an emitter:)
Grid--The electrode which cor:trols electron flow .

Plate--The.electrode which attracts electrons

Pins--Conductors used to connect the tube's electrodes to external circuits

Diode (vacuum tube)--An electronic tube that has two electrodes, a cathode
and a plate .

(NOTE: It serves the same function as a solid state-diode.)
Filament--A directly-heated cathode :
Heater-A small conducting.wire which indirectly heats the cathode

Triode--A vacuum tube containing three electrodes: -cathode, plate, and
control gr|d ‘ .

v

Control grid-The-grid nearest the cathode in a vacuum tube which has

.the greatest.control over electron flow

Interelectrode capacntance Capacitance between any two electrodes in
avacuum tube . :

(NOTE Plate to gr|d capacitance, Cgp; plate to cathode r'apamtanc Cpk;
grid-to cathode capacitance, Cgk.)

Tetrode--A tube Wlth four electrodes ‘¢athode, control grid, screen grid, and

plate - ' .
ER L}

Screen grld A grid placed between the plateand the control grid in a tetrode
whnch helps to reduce the effects.of interelectrode capacitarice

Secondary em:sslon~-lmpact emission of electrons from the plate caused
by high speed colllswns of cathode-emitted electrons with the plate

Pentode-A ‘tube with- five electrodes: cathode, control grid, screen grid,
suppressor gnd and plate

AARN
<.

or

. ~3&x
f" s . D

T LR (- | Y
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INFORMATION SHEET

+

Suppressor grid--Grid placed between the’ plate and the screen grid ina
pentode which reduces-the effect of secondary emission

Beam-power tube-A tube designed so that the electrons flow in concen-

trated beams from the cathode th rought}we,grids tothe plate

“ i
Multiunit tube--A tube in-which the eleg¢trodes of two-or more tube types are
placec:/in the same envelope

Gas tube--An electron tube which. has the electrodes enclosed in a gas-filled
envelope

Vacu[;m tube--An electron tube véhlch has the electrodes enclosed in an

evaCL’Jated envelope /

Thy/ratron-A gas-filled tube that ses a grid to initiate‘the ionizing process of
the gas- .
s .
Thermlonlc emission--The ."bojling off" of electrons from the cathode

by thermal excitation

%‘nvelope«Enclosure, usually g}ass, around the electrode of a vacuum”tube

Il Schematic symbols for tubes

A iode (Transparency 1) , R
B :il'n;lode (Transparency 2) .
C. }I'etrode (Transparency 3)
D entode (Transparency 4)
- E. Beéam power tube (Transp rency 5)
F. Th \rqtron (Transparency 6)
IR Tube pin\pumbers
A. Seven pin tube " B. Eight pin tube {octal) ‘ ’ ‘
‘Bottom View of Tube ) Bottom View of Tube

Y

2
(W)
AT
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INFORMATION SHEET

D. Nine pin-tube
Bottom-View of Tube

C. Twelve pin.compactim
Bottom View of Tube

P

V. Typical characteristic curves
"A. . Diode. (Trgnsparency 7)
B. Triode (T ransparency 8)
C. Pentode (Transparency 9)

BE Il -443




Schematic Symbols for Diodés-

| Cafhode ;

Filament Heater
| | )\ . : - .'
- Directly Heated Indirectly Heated ¥ ‘\
3 ) 35¢

CERIC 358
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o Schematic Symbol for 'Tr‘i‘odes-

-/ '

— P-Iaté

Control
Grid

o " ———/— Cathode -

Heater

® - 86y

o . ' ' ™ 2
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Schehptic Symhol for Tetrodes

Sc,r_e.eh
Grid
Control
Grid
- | | J——Heater
Cathode— - o

\

361

™3 =




‘CanroI

Schematic "Sy;mbjol for Pehtodes

Grid

| Céthode/‘ f

362

Grid

Grid

-

~Heater

BE If - 451

Suppressor

‘Screen

I TM4 .
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@ | Schematic Symbol
| for Beam Pov.er Tubes

|- Plate

Beam Forming
Plates

| Screen
® - Grid - B
Control Grid .
Cathode
Heater
@ 363
' 3

o : : " ' ™S
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V]

Séhematic Symbol for Th_yrétroné

Control 'D o
Grid__ esignates
= " Gas Filled
s 4y Envel‘ope
Cathode | T~Heater
- Thyratron |

364
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‘ ELECTRON TUBES
UNIT XV

JOB SHEET #1 --CONSTR'U'C"T AND TEST A VACUUM
n TUBE DIODE RECTIFIER

5

1. Tools and equipment and materials
A. Variable-AC power supply (e.g. Variac)

B. Multimeter

Oscilloscope

© o

6.3 Volt filament power supply ~

E. Vacuum diode type 6AX5 or equivalent. . - . ’

F. Octal-typesocket
G. Graph paper . .
H. 1-10K resistor, 5W 5 L

) ' . Procedure . .
- . " ) A. . -

Connect the circuit shown below . !
[N

(NOTE: Small numerals indicate pin numbers.)

3 :‘j/;\s'/ 2

Variable s
AC Power @ ) § )
Supply S 6.3V RO 2200

- Filament ,

©_Supply ' ’

(CAUTION: Do not turn on the power supply until your instructor has
checked your wiring.)

: B. Turn on the filament power supply "and Iet the tube warm up for approxi-
5 mately two mlnutes

C. Adjust the AC power supply for 110-volts as indicated on the multimeter .

D. Connect the oscilloscope across the AC power supply and adjust the oscillo-
scope controls until approximately two cycles appear on the screen

Lo E. Make a sketch of the waveshape indicating the helght of the waveshape .
‘ - shown on the oscilloscope )




Vin
(Volts)

(NOTE: Be sure to observe proper polarity.)

" JOB SHEET #1

. >
Without adjusting, the scope controls, move the leads across the resistor

. Make a sketch of the'waveshape indicating the height.of the waveshape

shown on the oscilloscope
Compare the two sketches made in parts F and H
Using the multimeter, measure the DC voltage output across the resistor

.

Check your results and sketches with your instructor

-
>

, -~ DATATABLE

— . Vg
(Vits)

£

<




~, d.

ELECTR®N TUBES
UNIT XV

NAME

iU

TEST" °

1. Match the terms on the right with the correct definitions.

<

The basic internal parts of a vacuum tube,
usually consisting of cathodes, grids, and
plates

The electrode which emits electrons

The electrode which controls electron flow
The electrode which attracts electrons g

Conductors used to connect the tube's
electrodes to external circuits

An electronic tube that has two 'electrodes, a

cathode and a plate
A di rectly-heated cathode

A smiall conducting wire which indirectly
heats the cathode

A vacuum tube containing three electrodes:
cathode, plate, and-control grid

The grid nearest, the cathode in a vacuum
tube which has the greatest control “over
electron flow '

Capacitance between any two electrodes
in a vacuum tube,

A tube with four electrodes: cathode, contro!
grid, screen grid, and plate ~ ..

A grid placed between the -plate and the
control grid in a tetrode which helps to
reduce -the effects of interelectrode capaci-
tance a .
Impact emission of electrons from thé.plate
caused by high speed collisions of cathode-
emitted elegtrons.with the platé

1. Diode
2. Tripde R

v .

3, _Tetrode- - -- — ~

4. -Pentode
5. Thyratron
6. ‘Electrodes

7. Grid

8. Plate
9. Interelec-
trode capaci-
tance
~
10. Gastube
11. Cathode
12. Pins
13. Filament
14. Heater

i




2.

r.

P

. A tube with five electrodes: cathode, -control
. grid, screen.grid, suppressor grid, and plate

. Grid placed between the plate and the screen

grid in a pentode which reduces the effect of
secondary emission

. A tube Hesigned so that the electrons flow in

concentrated beams from the cathode
through the grids to the plate

A tube in which the electrodes of two or

~more tube types are placed.-in—the-same -

—— —envélope

A
An electron ‘tube which has the elegtrodes
enclosed in a'gas-filled envelope

An electron tube which ‘has the -electrodes
enclosed in an evacuated envelope

A gas-filled tube that uses a grid to |n|t|ate the
ionizing-process of the gas

The "boiling "off" of electrons from the
cathode by thermal excitation

. Enclosure, -usually glass, around the electrode

of a vacuum tube

<

15.
16.
17.
18,
19.
20.
21
22.
23,

Multiunit tube
Envelope

Vacuum tube
Thermionic en:ission

Beam-power tube

Screen grid

_Suppressor grid

Secondary emission

Control grid

Identlfy the schematic symbols for diodss, triodes, pentodes, tetrodes, beam-power
tubes,-and- thyratrons from the schematics that foIIow




- : ‘ . BEI-467

: .. ' . 3. Label the pin numbers of the tubes shown below.

4. Identify typical characteristics curves for the diode, triode, ond pentode vacuum tubes

. .o shown in the diagrams that follow. .
N

25, — —— ~
20 f - *
R (7s) ’ N
- 0 ‘ N
o 15
] Q *
.. £
S 10
p= i
a 5
N

. | | : o

¥
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_ Plate x - ‘Saturation
Current 16 ' ’ '
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4= /

+20  +40 +60 +80 +100

r

b.
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“ 3 . |—T1 .
. ‘s .
o 1 C_E_U 2 /// L— o
| =3 V // S
ol // -
0~ 50 100 150 200 250 300 -,
c. g P

[N
.« " M

5. Demonstrate the ability to construct and test a vacuum tube diode rectlfler.

{NOTE: If this activity has not been accompllshed prior to the test, ask your instructor *
when it should be completed.)

376

.
- ‘
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N4
A _ ~ ELECTRON TUBES
¢ UNIT XV
_+ ANSWERSTO TEST )
; 1. a 6 g 13 m. 20 5. 10

b. 11 - h, 14 n. 22 t. 17
c. 7 i 2 o. 4 u 5
d 8 . 23 p. 21 v. 18
e. 12 k. 9 q. 19 w. 16
f. 1 . 3 r. 15

2. a  Pentode
b. Diode
c. Tetrode

) d. Triode, .
e. Beam-power tube x
f. . Thyratron s
4 K
3."a . b.
®
c. . d
1
. 4. a. Pentode ) J
’ b. Diode . - ) .y
) c. Triode '
5. Performance skills evaluated to the satisfaction of'the instructor o
' N
- ”

. . ) . 3 o . .
2 E .1( N ¥




